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THE PLATINUM PROMOTING EFFECTS TO THE LPG AROMATIZATION
Bui Thu Ha
Ton Duc Thang University

ABSTRACT

In this report, the platinum promoting effects to the LPG aromatization were
investigated by comparing aromatization active of the two catalysts: Ga/H-ZSM-5 and
Pt-Ga/H-ZSM-5.

Platinum has the promoting effects in most of investigated catalyts, especially in Pt-
Ga/H-ZSM-5 in which gallium content is 1,2%, the ratio between gallium and platinum is
10°:1 and which is activated in reducing environment (hydrogen). The platinum
promoting effects show in some aspect, such as : increasing conversion of LPG to
aromatics, catalytic stable and selectivity of toluene and xylene.
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1. MO PAU

Mot trong nhitng hudng phat trién quan trong nhat ciia cong nghiép héa dau 1a san
xut BTX, trong d6 B — benzen, T — toluent, X — xylen c6 d6 sach cao 1a nhiing san phém
¢6 gia tri st dung cao hon ca. Cho dén nay, khoang 80% BTX dugc san Xudt tir cong
ngh¢ reforming xuc tac. Tuy nhién, nguoi ta van tiép tuc tim kiém cac hudng san xuat
BTX tir cac ngudn ‘nguyén liéu ré hon va c6 gia thanh san xudt thap hon. Theo xu huéng
d6, qua trinh chuyén hoa khi thién nhién thanh cac san phdm thom, ma trong d6 chu yéu
1a BTX 1a cac san pham long c6 gi tri st dung cao, dé dang van chuyén dugc quan tam
nghién ctru ¢ nhiéu nude trén thé giéi. Thom hoa alkan nhe, olefin nhe 13 huéng ché bién
dau khi c6 y nghia vé 1y thuyét ciing nhur thyc té.

Viéc nghién ctru xtc tac cho qua trinh chuyén hoa khi thién nhién thanh cac hop
chét thom da dwoc cac trung tim nghién ciru, phong thi nghiém cua cac vién, truong dai
hoc tién hanh trong nhiéu nim qua. Nhimg cong trinh nghién ctru dau tién cua F.
Solymosi [2, 3, 4] d4 chimg minh dugc rang c6 thé thom hoa alkan nhe tir cac xiic tac
ludng chic nang nhu Pt/ALO3, hodc CrO3/Al,0s. Tuy nhién cac vat liéu ndy bi mat hoat
tinh rat nhanh theo thoi gian phéan tmg, chi co trén cac zeolit 6 mao quan trung binh nhur
ZSM-5 phan tmg d6 méi c6 thé xay ra ma khong bi mat hoat tinh mot cach nhanh chong.
D41 v6i mdi alkan nhe, ngudi ta dd tim ra pha hoat dong t6i wu phan tan trén zeolit
HZSM-5. Riéng véi qua trinh thom hod metan, cac tac gia dau tién nghién ctru phan tng
ndy da su dung xuc tac Mo/HZSM-5, mdt xuc tac hoat tinh nhat, chon loc va 6n dinh
nhat. O nhiét do cao, trong giai doan dau cua phan tmg, molipden dang oxyt da bi khur
thanh dang carbide, tdm hoat tinh cho qua trinh thom hoa. Tuy nhién, qua trinh tao pha
Mo,C xdy ra dong thoi véi qué trinh tao cde trén zeolit lam cho cic tdm axit mit hoat
tinh, tir &6 phan tng oligomer va déng vong bi han ché.

Muc dich ctia cong trinh ndy 1a nghién ctru ban chit cac tim hoat tinh tham gia
vao qua trinh thp'm hoa alkan nhe (CsHs:C4Hyp) trén xuc tic Mo/HZSM-5. So sanh do
chon loc san pham thom va n}}iét dd cta qua trinh thom hoéa trén cac dang Mo phan tan
trén zeolit HZSM-5. Tt d6 khang dinh vai tro cta carbide molipden trong qué trinh thom
hoa.

2. THUC NGHIEM
2.1 Céc chit xiic tic

Zeolit HZSM-5 (Si/Al = 20) dugc tim v&i dung dich amoni heptanmolipdat. Mau
duoc siy kho va sau d6 nung trong khong khi & 773K. Mau dugc chuan bi ¢6 ham luong
Mo 1a 2 va 4%.

Ngoai ra, mau xuc tac Mo dang carbide c6 ham lugng 2% va 4% Mo duogc diéu
ché theo chuong trinh nhiét do. Ty 1& hon hop nguyén liéu/Hs 1a 1/4 theo thé tich, téc do
dong 21/gi¢ dugc cho qua 16p MoO; hodc MoOs/HZSM-5. Nhi¢t d§ phan ung dugc cai
theo chuong trinh nhiét do (phan tng theo chuwong trinh nhiét d9).

1. Giai doan 1: ting nhanh nhiét d6 tir nhiét d6 phong dén 450°C, 5°C/phut.

53



Hgi nghi khoa hoc lan thiv 1 — Khoa KHUD Tiéu ban: Céng nghé héa hoc

2. Giai doan 2: ting nhiét do tir 450°C dén 680°C véi toc do 0,5°C/phut.

3. Giai doan 3: gitt nhiét do phan (mg & 680°C trong 3 gio.

Dang Mo,C rét hoat dong. Do vy, dé ngan can sy bdc chay cua no khi tiép xtic
v6i khong khi, Mo,C phai dugc lam thuy dong hoa bé mat.

2.2 Phan tng

Phan tmg thom hoa alkan nhe dugc thyc hién trén thiét bj phan tmg dong, & ap
suét khi quyén. Hon hop alkan nhe/hydro véi ty 16 1 :4 dugc di qua lop xuc tac voi toc do
dong 2/gid. Nhiét do phan tmg la 680° c d6i voi miu xac tac MoOs/HZSM-5 va 600°C
doi voi cac mau Mo,C/HZSM-5. San pham cta phan ing duoc phan tich bang may sac
ky khi dung cét silicagel va ¢t mao quan, detector ion hoa ngon lua.

Cac dai lugng dac trung cho phan g dugc tinh toan nhu sau:

- Do chuyén hoa (a): a(%) = %.100

o

A

- D6 chon loc san pham I (By): Bi(%) = y IA .100
- Hiéu suat tao san pham i (n;): 77,(%) = TT’% = j 100

o

Trong d6: A — 1a dién tich pic cua cac chét trong sic ky dd da dugc hiéu chinh
theo s6 mol bang phuong phdp chuan dung chat nguyén chat (A, — nguyén liéu ban dau,
Aj —nguyén liéu con lai sau phan ing, A; — 1a san pham 1).

3 KET QUA - THAO LUAN
3.1 Xic tac MoO;:

0 trang thai bén, két qua trinh bay trén bang 1 cho thdy khi ting ham luong pha
Mo tir 2 I1én dén 4% thi d6 chuyén héa nguyén li€u tang tir 7,7% 1én 15,3% d6 chon loc
san pham thom tang tir trung binh tir 82,11% 1én dén 96,77%.

Két qua nay hoan toan phu hop véi cac cong trinh da cong bb trude day [13] cho
rang khi ting ham luong pha Mo, su dich chuyén Mo vao mang ludi zeolit s& ting dan
lén, ma giai doan dau cua phan tng duoc thyuc hién trén tam kim lgai. Do véy hiéu sudt
cua phan tng thom hoéa tang 1én.

Khi nguyén li¢u dugc phan Gng trén cac hé xic tac MoOs/HZSM-5, mét luong
16n hydro dugc sinh ra & giai doan dau cua phan tng. Trong giai doan nay hau hét cac
chat khong phai hydrocacbon dugc tao thanh. D6 chuyén héa cua phan ung tang nhanh.
Céc san pham chinh 1a cbc, hydro va nuéc nhung khong cé san pham thom héa do xuc
tac co chirc nang thom hoa chua hinh thanh. O thoi gian nay, MoOs phan tng véi nguyén
lidu dé tao thanh Mo(CO)s, tiép d6 dang carbide molipden dugc hinh thanh, dong thoi
nudc ciing 1a san phim ciia qua trinh nay. Thoi gian hinh thanh carbide molipden khoang
tir 60 — 70 phut. Sau giai doan nay, lugng hydrocacbon trong san pham phan tng ting 1én
trong khi d6 chuyén hoa giam.

Duéi day 1a bang tong hop két qua cua phan tng thom héa trén cac hé xic tac
MoOs/HZSM-5.
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Bdng 1: Bang tong hop sé ligu két qua ciia phdan iing thom héa trén cdc hé xiic tdc
MoOsy/HZSM-5, T,; = 680°C, toc dé nap liéu 21/gio

Théng sb MoO3/HZSM-5
2%MoOs 4%Mo0Os

Do chuyén hoa, % 7,7 15,3

Do chon loc theo san phém thom,% 82,11 96,77
Phan bd san pham thom, %

Benzen 69,24 64,10

Toluen 30,76 31,63

Xylen 0 4,28

Theo két qua phan tich dwoc tong hop & bang 1, chiing toi nhan thay: khi ham
lwong molipden ting dan 1én thi thanh phan san phim thom ciing thay ddi c6 quy luat:
ham luong molipden ting thi ham lwong benzen trong san pham thom (BTX) giam, trong
khi ham luong toluent va xylen déu ting dan theo thoi gian. Khi ham lugng molipden
tang nghia 1a s tam axit ciia zeolit bi thay thé boi molipden ting, din dén do axit ciia hé
xuc tic bi giam dan dén d¢ axit ciia hé xtc tac giam, phan tmg cracking kho xay ra hon.

Két qua phan tich san phdm phan Gng thuc hién trén hé xuc tac 29%Mo0O5/HZSM-
5 va 4%MoOs/HZSM-5, theo thoi gian phan tng, ham luong benzen giam dan trong khi
ham luong toluent va xylen tang dan. Piéu nay duoc giai thich nhu sau: Theo Iy thuyet
hang s6 can bang cua phan ung dehydro vong héa ciia n-Cy thap hon n-C;. O thoi diém
dau, do axit ciia xuc tac con manh nén phan tng vong hoéa cia n-Ce duge ddy manh,
nhung sau mot thdi gian phan tng, d axit cia hé xuc tac giam do bi cdc hoa va giam
hoat tinh nén n-Cg it bi chuyén hoéa thanh benzen hon.
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Hinh 1. Bo chon loc san phcfm thom phu thugc vao thoi gian (T = 680°C, xiic
tde 4%MoO3y/HZSM-5, toc dé nap liéu 2l/gio)

3.2 Xic tac carbide molipden

Tham khao cac cong trinh nghién ctru phan ing thom hoa [2, 3, 5], ching t6i nhéan
thdy, nhiét do thuc hién phan img la rat cao. Tuy theo nguon nguyén li€u va xuc tac, nhiét
d6 phan tmg thuong tir 550°C dén 750°C. Do vay, khi ché tao xtc tac, nhiét do hinh thanh
carbide molipden cling khac nhau. Khi nguyén li€éu c6 mach cacbon cang dai thi nhi¢t 4§
hinh thanh carbide cang thap.
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Bdng 2. Anh hwéng ciia nguon cacbon dén nhiét d¢ phdan vmg chuyén pha MoOs thanh
Mo,C [12]

Cic thong sb Nguon cacbon
CHs | CHg | C3Hs | C4Hyo
Nhiét d6 chuyén pha, °C 750 700 680 600
D6 chuyén hoa MoO3— Mo,C, % 95,02 | 94,97 | 94,45 | 94,28

Tién hanh thuc hién phan 1'Ing thom hoa LPG (1:4) trén cac hé xuc
2%Mo,C/HZSM-5, 4%Mo,C/HZSM-5 khoi lugng xuc tac 300mg, nhiét d§ phan tmg la
600°C. Ty 1é nguyén liéu/H,=4:1, toc d6 dong nap liéu 21/gio.

Két qua phan tich san phidm bang 3 cho thay, tang ham lugng carbide molipden
cing lam cho do chuyén héa va chon loc san phdm thom cua phan {mg ting 1én. Khi so
sanh gifta cic mau xuc tac c6 ham luong molipden nhu nhau 2%, 4% nhung ton tai dang
khac nhau: carbide va oxyt, chung t6i nhan thdy ca do chuyén hoa va do chon loc ting 1én
tr hé oxyt sang hé¢ carbide. O trang thai on dinh, d6 chon héa & hé xic tac
2%MoO3/HZSM-5 1a 7,7% thi sang hé carbide 2%Mo,C/HZSM-5 13 10,2%, d6 chuyén
héa & hé 4%Mo0O3s/HZSM-5 1a 15,3% thi ¢ hé¢ 4%Mo,C/HZSM-5 1a 22%. Do chon loc
san pham thom, ty 1& toluent, xylen ¢ hé carbide cao hon rat nhiéu so vé6i cac hé oxyt.
Diéu dé ciing chimg to giai doan dehydro hoa trén tdm carbide 13 quan trong nhit trong
qué trinh thom hoa alkan vi hiéu suat va do chon loc cua san phém thom phu thudc rod
rang vao s luong tAm carbide ton tai trén bé mat va trong 16 xSp clia xuc tac.

Trong qua trinh diéu ché xtic tic molipden carbide trén zeolit HZSM-5 nhu ching
toi da trinh bay ¢ trén, nhi¢t d phan ting phai dugc tuan theo mot chuong trinh nhiét
didc biét. Nhiét do tdi da dé chuyén hoa molipden oxyt sang carbide 13 680°C, nhiét do
nay duoc duy tri trong 3 gio.

Bang 3. Thoi gian xuat hién san pham thom, do chuyén hoa va do chon loc cua cdc phan
wng thom hoa trén cac hé xuc tac.

Théng sb Mo,C/HZSM-5 MoOs/HZSM-5
Z%MOZC 4%M02C 2%M003 4%M003
Thoi gian (phit) 10-20 10-20 60-70 60-70
Do chuyén héa, % 10 21 7,7 15,3
Do chon loc, % 98,2 99 80,5 98,8

Khi nghién ciru phan tng thom héa trén cac mau xuc tac dang carbide, chung toi
da tién hanh thyc hién phan tmg & 600°C, trong thoi gian du phan tng, khoang tir 10 dén
20 phut, d6 chuyén hoa tuong ddi cao tir 30 dén 40%. San pham phan tng trong giai doan
nay chu yéu la H,, hydrocacbon nhe, mét lwong nho BTX, khong xuat hién nuée, CO va
CO,. bay la giai doan hoat hoa lai bé mat di thu dong hoa cua xuc tac, trong khi giai
doan dau cua phan tmg thom hoa trén hé MoO3/HZSM-5, san pham chu yéu 13 cac hop
chat khong phai 1a hydrocacbon: cdc, hydro, CO. Thoi gian dé do chon loc, 4 chuyén
hoa san pham thom dat trang thai 6n dinh & hé Mo,C/HZSM-5 dat khoang 10 — 20 phut, &
hé MoO3/HZSM-5 1a 60 — 70 phut.

Su chénh léch vé nhiét do phéan Gng trén cac h¢ xuc tac c6 pha hoat dong Mo &
dang khac nhau cé thé két luan nhiét do tao thanh san phém thom va nhiét d¢ hinh thanh
carbide molipden la khac nhau: carbide hinh thanh & nhiét d6 cao hon.
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Nhu véy, thom héa trén hé xtic tic Mo,C/HZSM-5 di giai thich sy tang dang ké
d6 chuyén hoa, do chon loc san pham thom giita hai hé xtic tic c6 molipden ton tai & cac
dang khac nhau. Két qua nay ciing phu hop véi nhiéu cong trinh da cong b6 [2, 3, 4, 5,
12]. Cac mau xtc tac thyc hién trong diéu kién ting nhanh nhiét do deu dan dén hién
tuong xac tic co do phan tan Mo thdp, ma day 1a mot trong cac yéu té quyét dinh do
chuyén hoa va do chon loc san phém thom BTX

Badng 4. B chuyén héa, do chon loc va phdn bé san pham thom ciia phan iing
thom trén cdac hé xuc tac Mo;C/HZSM-5, T, = 600°C

Théng so Mo,C/HZSM-5
_ Z%MOZC 4%M02C
Do chuyén hoa, % 10.2 22.0
Do chon loc, % 98,8 98,6
Phan b6 san pham thom, %
Benzen 49.2 40,4
Toluen 30,4 35,7
Xylen 204 23.9
100 * * o 3
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Hinh 2. Do ch,on,l,oc san phcfm thom phu thuéc vao thoi gian (T,; = 600°C, xiic
tac 4%Mo,C/HZSM-35, toc do dong nap liéu 21/gio)

Su khac nhau vé thanh phan san pham phan ng trong thoi gian dau, nhiét do
phan mg va thoi gian phan tng dé dat trang thai 6n dinh khac nhau giita cac hé phu hop
v6i cac cong trinh nghién ctru da cong b (2,3, 5, 12]. Voi két qua nghién ctru d6, ngudi
ta cho rang [15], trong thoi gian dau c6 thé xay ra mot s phan ung: 1) phan tng khu
MoOs; 2) cbe hoa; 3) chuyén dang oxyt molipden thanh dang carbide, va thoi gian tiép
theo la qua trinh thom hoa hydrocacbon xay ra trén h¢ Mo,C/HZSM-5.

Nhu véy, pha hoat d6 molipden 1a thanh phan hoat hoa hydrocacbon tao cac gdc
cho phan tng oligomer va thom hoa. Phan tng oligomer héa va thom hoa xay ra trén tam
axit HZSM-5. Khi tang nhanh nhiét do trén cac h¢ MoOs/HZSM-5 s€ thuan loi cho qua
trinh cc hoa xay ra gy “ngd doc” tAm axit va ngin can qua trinh thom hoéa.
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4 KET LUAN
1. (3’ nhi¢t do cao, alkan nhe tham gia phan tng khit MoO; dé tao thanh Mo,C va
coc.

2. Nhiét do hinh thanh carbide molipden (T=680°C) cao hon nhiét do phan ung
oligomer hoa va dong vong (T=600°C).

3. Do chon loc va do chuyén hoéa trén h¢ xuc tac carbide molipden cao hon 1a do do
phan tan ctia Mo,C trén HZSM-5. San pham déu tién cta phan tng thom hoéa trén
hé MoO3/HZSM-5 1a H,0, CO, va CO. San phim dau tién cia phan ung thom
hoéa trén hé¢ Mo,C/HZSM-5 1a hydrocacbon nhe.
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Abstract

The aromatization of alkan on supported molypdenum catalysts has been investigated at
773-973K. ZSM-5 was used as support. In the formation of carbide active centers at high
temperature, MoQOj is partially reducted with alkan above 800K to give H,O and CO,.
The formation of H,, C:H; and CH, was also observed. The difference of the aromatics
selectivity and performance indicate the important role of carbide centers in
aromatization reaction. The hightly dispersed Mo,C/ZSM-5 is a better catalyst for the
transformation of alkan in aromatization of alkan.
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HE XUC TAC VANADIUM TRONG XU LY MONOCHLOROBENZENE

Lé Vin Tiép', Nguyén Phan Thuy Dwong', Pham Thi Thanh Huyén?,
Tran Thu Trang1
JPho‘ng Xuc tac va Cong nghé moi truong, Vién Khoa hoc vat liéu ung dung, Vién Khoa
hoc va Cong nghé Viét Nam, s6 1 Mac Binh Chi, 0.1, TP. HCM
’Khoa Khoa hoc Ung dung, Pai hoc Ton Purc Thd'ng

1.MO PAU

PCBs (PolyChlorinated Biphenyls) 1a hop chét hitu co rat bén, c6 ap suat bay hoi
va tinh chay no thap. Khi thai vao méi truong, PCBs s& di vao co thé con nguoi qua da,
phdi va hé tiéu héa anh hudng nghiém trong dén doi sdng va sirc khoe con ngudi, dic biét
c6 nguy co gy ung thu va chiing vo sinh cao. [1, 2]

Trong dau bién thé, PCBs duogc sir dung nhu 1a phu gia c6 tinh cach dién va thuc
hién chirc ning chdng oxy hoa, c6 tén thwong mai la Aroclor [3]. Dau bién thé tir cac nha
may nhiét dién, 16 d6t, ... 1a ngudn gay 6 nhiém PCBs 16n nhét trén thé giéi noi chung va
0 Viét Nam ndi riéng.

Hién nay viéc xtr Iy chit thai — khi thai chira PCBs chu yéu st dung phuong phap
thiéu d6t & 1000 — 2000°C. Phuong phép nay t6 ra khong hiéu qua do doi hoi tiéu t6n
nhién liéu va kha niang xtr Iy chua triét d¢, c6 thé sinh ra mot s6 san pham thr cap doc hai
hon rat nhiéu (PCDDs, PCDFs, ...).

Do vy, van dé oxy hoa PCBs bang xtic tic nhdm ting hiéu qua xir Iy va tiét kiém
nhién liéu dang duoc rat nhiéu nha khoa hoc trén thé giéi quan tdm va nghién ctru. Tuy
nhién, dén thoi diém hién tai van chwa c6 cau tra 10i thoa dang ciing nhu 13 bién phap tdi
uu cho bai toan khé khan nay.

Dién hinh cho phuong phéap xir Iy PCBs triét dé bang con duong oxy hoa hoan
toan trén xuc tac di thé dac trung, chiing t6i chon st dung Monochlorobenzene (MCBz) 1a
chat dai dién cho nhom hydrocacbon vong thom chira Chlor (nhiét d6 s6i 132°C, nhiét do
néng chay -45.2°, ap sut hoi bao hoa & 25°C 1a 11.8torr, dd hoa tan 0.049g/100ml H,0).

Céc hé xuc tac duoc tong hop va thir nghiém 14 V,0s trén chat mang TiO,, ALO;
va bién tinh mot sb kim loai. Trong d6, V,0s/TiO; 1a h¢ xtc tac mdi duge dung trong
phan tmg khir chon loc (SCR), chéng lai sy dau doc SO, trong khi thai dong co, ... dic
biét day 1a xuc tac co hiéu qua nhat cho qua trinh oxy hoa triét d& PCBs va khong ché dén
muc toi thiéu su sinh ra cac hop chat hiru co chira Chlor th cép doc hai hon nhu
chlorinated dioxin, furan, benzene ... [4, 5]
2.THUC NGHIEM

2.1. Phwong phap tong hop xiic tac

Xtc tac duge tong hop theo phuorng phap tim uét: Hoa tan mudi ammonium
metavanadate NH,;VO; (Merck) ¢ 70°C, cho mdt luong xac dinh chét mang vao, cd hon
hop dung dich dén can nuéc & 80 - 1OOOC Sau d6 dem phan sét thu duoc sdy kho & 100 -
120°C trong 2h. Nghlen min miu rin sau siy, nung trong dong O, 3h & cac ché do nhiét
nung 300 ,400° va 500° C, ta thu dugc xuc tac v6i ham lugng tam mong mudn. Mau trudc
khi tién hanh phan tng can hoat hoa ¢ nhiét do tuong ung.

Céc chat mang dugc st dung la TiO, (Degussa P25), ALOs (Merck); bién tinh
mot s6 kim loai chuyén tiép va kim loai quy. Xuce tac V,05/TiO; dugce tong hop theo 4
phuong phap khac nhau (thay d6i mot vai thong sé hay thir ty diéu ché):

+ Phuong phép I: 4p dung cach tam udt binh thuong.
+ Phuong phap II: xur 1y nhiét TiO; trude giai doan tam va thay d6i ché do
nung mau sau siy.
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