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ABSTRACT

Silicate materials such as mesoporous Si-MCM-41, microporous silicalite-1 and
silicagel were synthesized and characterized by XRD, SEM, BET and TPD. Among them,
Si-MCM-41 exhibited the highest m-xylene adsorption capacity and the order of m-
xylene adsorption capacitie of the materials was as following: Si-MCM-41 > Silicalite-1 >
Silicagel.

The high m-xylene adsorption capacity of Si-MCM-41 can be explained by its high
surface area and its high hydrophobicity.

. MG PAU

Hién nay, vdn dé 6 nhi€m moi trudng dang 1a méi quan tam rat 16n d6i véi moi qudc
gia vi cdc chdt 6 nhiém gay anh hudng khong nhitng tryc ti€p ma con lau dai d6i véi doi
sdng clha con ngudi ndi rieng va moi trudng néi chung. Théng thudng, cong nghiép phat
trién ludn gin lién véi sy gia tdng c4c qud trinh 6 nhiém.

Bén canh cdc loai khi thai nhu cdc hop chdt NO,, CO, H,S, SO,, cic hgp chit cha
halogen dang khi... thi cic hop chat hydrocacbon ciing 12 mét trong nhitng nguén giy 6
nhiém thuc t& t6i méi trudng khi, tic dong 16n t6i cude séng clia con ngudi.

Hydrocacbon va dic bié¢t hon 13 c4c hgp chét hitu co bay hoi (VOC) phét sinh trong
qué trinh hoat dong cu thé clia con ngudi qua hai hinh thitc co ban 1a khi thai dong co d6t
trong nhir ddng co xing hay diezen cha cdc phuong tién giac thong va phét sinh ra trong
cédc qud trinh san xuft cong nghiép nhu cong nghiép son, cong nghiép dét, cong nghiép
in... [1]

VOC c6 kha nang bay hoi t6t va bén trong khong khi nén d& phét tdn v6i khoang
cdch xa, va duéi tdc dung cia c4c tdc nhan nhiét do, 4nh sing mot s6 hop chat ¢b thé bién
déi thanh c4c hop chat doc hai hon rat nhiéu so v6i chinh né [2]. Nhiéu hop chit VOC tao
thanh cdc ddm mi quang hod, dnh hudng x4u t6i qué trinh ho hdp clia con ngudi, gay ra
cdc ching bénh ung thu hiém ngheo, lam cham phat trién d6i véi tré em & céc viing dan
cu gén cédc khu céng nghiép...

Chinh vi nhitng !y do trén ma viec xUr Iy khi thdi dic biét 1a cdc hop chit
hydrocacbon bay hoi 1a mot vén dé mang tinh c4p bach d6i véi nhiéu quéc gia, nhat 1a ddi
v6i Viét Nam, khi tinh hinh 6 nhiém dang tang khong ngimg do trinh do co6ng ngheé lac
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Dai hoc Bdch khoa Ha Ngi
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hdu vi ¥ thic bio.vé moi trudng ndi chung va moi trudng khi néi riéng con nhiéu han
ché. ‘ S

C6 thé gxém thidu VOC trong khi thai bdng céc phuong phap thieu d6t, ngung tu, hap
phu ho#ic oxy hod xtc tic [3]. Trong céc phuong nay, phuong phép hip phu dugc ding
trong xi Iy kht thai c6 thu héi cdc dung moi c6 gid tri cao [4].

Trong cong trinh nay, ching toi trinh bay két qua nghién ciu vé khi nang hdp phy
m-xylen (mot loai dung moi phd bién ding trong cong nghiép son) trén cdc vat lieu Si-
MCM41, silicalit va silicagen.

IL. THYC NGHIEM
1. Gié6i thiéu vé cic vat liéu diing hip phu khi duge sir dung
1.1. Vit liéu mao qudn trung binh MCM41

Vat liéu mao quan trung binh MCM-41 duge céc nha khoa hoc hang Mobil tim ra
vao niam 1991 [5].

- Cfu trdc mao quan: MCM-41 ¢6 hé théng mao quén sip x€p déu dan, tiét dién
mao quén c¢é dang hinh 6 canh. Kich thuéc mao quan c6 thé bién ddi trong khoang tix %
100 A, o

- Dién tich b€ mat rieng: MCM-41 ¢4 dién tich bé mit riéng rat 16n c6 thé dao dong
trong khoang 500-1500m2.g”, tuy thudc vao diéu kién téng hop: ban chat chat tao cdu
triic, ban ch4t chat phan ing ban ddu, nhiét 46 phan ing...

1.2, Oxit silic

Oxit silic (Si0,) ¢ cfu tnic x6p va bé mit rieng phét trién (c6 thé dat trén 500
m*/g), né dugc diing 1am chit hdp phu, chit mang va chit xiic tdc. Ngudi ta c6 thé cho
ring SiO, hat chia rdt nhiéu "qua cdu" SiO, nhd, cdc qua cdu nhé SiO, tu lai véi nhau,
x4p x&p theo mot trat ty nio dé6 tuy theo diéu kién tdng hgp. Khodng khong gian giita cic
qud ciu nhd chinh 13 13 x6p, téng dien tich b& mit ngoai clia cdc qua cdu nho dé 1a dién
tich b€ mit ca silicagel. '

L.3. Silicalit

Silicalit 1a thanh vién cla ho pentasil ¢ ma céu tric qudc t&€ MFI {(Mobil Five), dugc
céc nha khoa hoc ctia hing Mobil tim ra vao nam 1972 [6]. Silicalit 13 mot loai zeolit chi
c6 silic trong mang cfu triic tinh thé.

Silicalit 1a loai vat liéu vi x&p, ¢6 bé mat riéng kha 1én (300 + 500m%/g). C4u tric
mao quan cua silicalit bao goém hai hé théng kénh (gdn 6A°) giao nhau tao ra moét hoc cé
duong kinh khoang 9A°. :

2. Téng hop cic vat liéu hap phu

2.1. Tong hop Si0, c6 bé mdt riéng 300 m’/g (Si300)

Quy trinh téng hop:

Ldy vira di dung dich axit sunfuric H,SO, (néng dd A) cho vio c6c va cho tir tit
dung dich thity tinh 16ng (nng do B) vao c6c trén, d6ng thdi khusy manh dé tao gel ddm
bio pH = 6,5 dén 7. Gel thu dugc rira bing nudc c4t d€ loai bd SO, (thit bing dung dich
BaCly), sdy & 100°C va nung 500°C trong 4gidf ta thu dugc bot SiO,,
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2.2. Téng hop MCM-41

vat lieu MCM-41 dugc tdng hop tir cdc chdt tetraethylorthosilicat,
nankyltnmethylamomum bromide theo qui trinh duoc ghi trong tm lieu {7].

2.3. Téng hop Silicalit

Silicalit dugc téng hop theo phuong phdp két tmh thuy nhiét tir céc chét
letracthylorthosﬂlcat tetrapropylammonium hydroxyde 20%. Cic dréu kien téng hop
duge giit nguyén nhw trong cong trinh [8].

3. Cic phuong phap hod 1y diing dé danh gia vat liéu hap phu

Céc két qua trinh bay trong bai bdo ndy nhan duoc trén co s& ph01 hgp céc phucng

phép phd hdp thu héng ngoai, nhiéu xa Ronghen, BET, hién vi dién tit quet do hﬁp phu va
nha hdp phu m- -xylen, TPD- m-xylen.

¢ Gian d6 nhiéu xa Ronghen (XRD) ciia tat ca cic miu duge ghl trén méy Slemcns
D5005 va may PCM Brucker D8 Advance.

¢ Phuong phap hép phu v gidi hép phu ding nhiét N, ding d€ x4c dinh dién tich bé mat
v phan b8 mao quan clia mau duge do trén mdy ASAP 2010 (Micrometics - USA).

¢ Anh hién vi dién tir quét ctia miu duoc ghi anh trén may. 5300 cita hing JW' S
¢ Thyc nghi¢m do hip phu vi nha hip phu m-xylen P
Hdp phu m-xylen ditoc tién hanh trong diéu kién sau: |

- m-xylen dugce gitt & 0°C

- T6c d6 dong khi mang 13 21/h

- Khéi lugng chat hap phu 1g

- Nhiét d¢ hap phu 12 40°C

- P,yien= 1,6595 torr

Khit hdp phu duoc tién hanh trong diéu kién

- T6c d¢ dong khi mang i 21/h

- Nhiét d6 khir hdp phu 1a 100°C

¢ TPD-m-xylen

Cudng d¢ ciing nhi lugng m-xylen hédp phuy trén bé mit chét rin dugc x4c dinh trén
mdiy AutoChem 1I 2920 (Micromerictics - USA) béing phuong phép khir ha'p phu m-xylen
theo chuong trinh nhiét do (TPD-m-xylen). Piéu kién do nhu sau:

- Trudc hét, mau duge hoat héa trong dong oxi sau d6 dugc 1am sach bing He &
500°C. L fwgng khi Heli 1am sach 14 25 ml/phuit.

- Néng d6 m-xylen trong dong He 13 C syt e = $94%(%V)
- Lwu luong |, ime = 15 ml/phiit

- Thai gian hdp phu bao hdoa m-xylen: 60phiit

- Nhiét d6 khir h4p phu m-xylen: tit 25°C lén t6i 800°C

- T6c 46 khir hdp phy m-xylen: 10°C/phuit

- Pyyiea= 52,48 torr

- m-xylen dugc gii & 60°C.
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I KET QUA VA THAO LUAN

1. Két qua do BET xdc dinh bé mat riéng cia mot sé vat li¢u

Céc chat iﬁl'amg dugc diéu ché nhu quy trinh da néu trén va duge xic dinh dién bé
mat. Két qua duge dua vao bang 1 (cdc miu vat liéu di duge ki higu nhu trong bang duge
sfx'dupg trong cdc phdn ti€p theo clia bai bio):

Bdng 1. Dién tich bé mit clia c4c vat ligu sir dung

Vat liéu " Ki hién Bé mat riéng (m?%g) | Pudng kinh mao quan (A°)
§i0, Si300 300 100
Silicalit SL 475 5,5
Si-MCM-41 | Si-MCM41 754 30

2. Két qua nhi€u xa ronghen ctia cidc mau Si-MCM-41, silicalit, silicagen.
f _Hinh 1 1A gian d6 XRD ciia miu Si-MCM-41 tdn% hgp duge sau khi nung & 550°C

- "trang 5 gir. Nhu ta d3 biét géc 20 trong vung tir 0° dén 5

déc trung cho pha mesopore cla

MCM-41, con cdc géc 268 & trong viing 16n hon dac trung cho pha micropore. Tir gian dé
trén ta thdy mAu"¢6-pic tai 28 ndm trong khoang 2-3°, diéu ndy khing dinh sy t6n tai cia
pha mesopore Si-MCM-41. Mat khéc, ta thdy pic nay c6 cudng d9 I6n va hep ching to vat
lieu téng hop duge c6 céc kénh mao quan hinh thanh déng déu c6 kich thude mao quin

trung binh.

Gian d6 nhiu xa cla silicagen hdu nhu
v0 dinh hinh. Gidn d6 nhiéu xa cla silicalit duoc twm
v6i phé chudn, ta thdy miu ndy cé cdu tric MFI (c&u
dic trung xung quanh 20 bing 9,05° va 24,05°.

3. Két qua hién vi dién tir quét cia midu MCM-41, silicalit va Si0S

Phuong phép hién vi dién t& quét dugc ding dé x4c dinh kich thudc hat, h _
va su phan b6 kich thudc trung binh clia vat liéu. : -

-

mot dudng théng vi silicagen 12 vat lieu
Ja trén hinh 2. So sdnh giin d6 nay
i 1€ cia silicalit) ¢6 hai pic

Hinh 3 12 4nh hién vi dién tif quét ciia mau MCM-41, silicalit va SiO,. Anh chup cho
thdy trong diéu ki¢n téng hop & nhiét do thudng, vat lieu MCM-41 téng hop duge ¢6 kich
thude hat khd déng déu va kich thuéc khodng 0,5 pm, vat liéu silicalit ¢6 dang hinh luc
lang va c6 kich thude khodng 0,25 pm, con SiO, c6 kich thuéc khoang 10 pm.

VL
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2-Theta scale
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Hinh 1. Gian d6 nhiéu xa Ronghen  Hinh 2. Gian d8 nhidu xa Ronghen
cla miu cla miu MCM-41 silicalit
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Hinh 3. Anh SEM clia mau MCM-41 {a), Silicalit (b), SiO, 300 m*/g (c)

4. Panh gia kha nang hip phu m-xylen
4.1. Két qud do hdp phu va khit hdp phu m-xylen

Hinh 4 12 k& qui kha ning hip phu m-xylen clia mot s6 vat liu khdc nhau tai
Pyyies= 1,66 torr. Tit hinh ndy ta thay vat Si-MCM41 c6 kha ning hafp phu m-xylen cao
nhit (46%) va gidm dan theo thi tu Si-MCM41>Silicagen> Silicalit.

Nhu di néi & trén, qud trinh h&p phu 1a sy tuong téc giita ch4t hédp phu va chat bi hdp
phu va thudmg x4y ra chl ye'u trén bé mit phan cdch gitta hai pha. Vi vy bé mit riéng 12
yé’u t6 quan trong d6i véi qud trinh hdp phu (Bé mdit riéng cang lém thi khd ndng hdp phu
cang cao). Dng thoi kich thuéc mao quan ciing inh hudng khong nho dén khi nang hip
phu (kich thuoc mao qudn cang lén thi khd ndng khuéch tdn cdc chdt bi hdp phu cdng
cao) tao diéu kién cho sy ti€p xiic gilta bé mit chat rén va chat khi.

40 2

f —— MCM-41
é 30 —=~ silicagen
L . .
B / ~+— silicalit
® 20 =

¥

D = — T T - = T T 1
0 200 400 600 800 1000 1200 1400 1600
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Hinh 4. K&t qua do téc dd hdp phu m-xylen clia Si-MCM41, SiO, 300m’l| va
silicalit
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Hinh 5. Két qua do kha ning hip phu cja a- Si-MCM41; b-silicalit va c- SiO,

o day lugng hip phu m-xylen trén cédc vat lidu Si-MCM41, silicalit va SiO, déu ting
hon do hdp phu tai 4p suft tuong d6i cao hon. Nhin vao hinh nay ta con thdy ring nhiét 46
khir hdp phu m-xylen cha Si-MCM41 1a th4p nh4t. Diéu nay c¢6 thé 1A do Si-MCM41 c6
mao quan luc ling song song dng nhit va hai ddu hd, do d6 t6éc d9 khir m-xylen nhanh
hon trudmg hop SiO,. Mic di trén Si0, ¢6 cic nhém OH nhung nhiét 49 khir hdp phu m-
xylen trén SiO, vin 12 16n nh4t, t&i hon 546°C. C6 thé gidi thich diéu nay 12 do cfu tric
Si0, v6 dinh hinh, khéng déng nht. Silicalit ¢6 dung lugng h&p phu va nhiét d6 khir hdp
phu m-xylen thdp nhét, c¢6 thé 12 do m-xylen hdp phu chii yéu & bé mit ngoai silicalit.

Tém lai, dién tich b& mat, kich thudéc mao quan, hinh dang mao quan, tinh cht ua
nudc, ua hitu co clia vat liéu 1a nhitng yé&u t6 quyét dinh kha nang h4p phu clia vat liéu, Tir
két qua trén ta thdy vat lieu Si-MCM41 1a vat liéu va hifa co, ¢6 dién tich bé mit 16n nhdt,
¢ mao quan rong song song va déng nh4t di c6 khi nang hdp phu m-xylen 12 t6t nhat
trong cic vt liéu ding nghién ciu & day

Khd ndng thu héi sdn phdm hdp phu

D& dénh gid kha nang thu héi san phm hép phu (chét bi h4p phu) chiing toi tién
hanh qud trinh nha h4p phu trén miu Si-MCM41 trong didu kién 13 luu lugng dong khi
mang 12 2 V/h, nhiét d¢ nha hdp phu la 100°C (tai nhiét d6 ndy m-xylen khéng bi phan
huy). Ta nhan thy ring qu4 trinh nha h4p phu va thu héi dung moi xay ra khd nhanh
(240 phit) va triét dé & 100°C. Diéu nay rét quan trong trong qué trinh t4i sinh chét hap
phu va thu hdi lai chét bi hap phu.

IV. KET LUAN

b3 tng hop duge cac vat liéu mao quan trung binh ua hil co Si-MCM41, silicalit,
silicagen c6 dién tich bé mat 12 754m?/g, 475m%/g va 300m?*/g twong tng ding cho hédp
phu m-xylen. Vat lieu Si-MCM-41 1a vat liéu ua hitu co, ¢6 kich thuéc mao quan trung
binh déng nhat.

Nghién ctu kha nang h4p phu m-xylen trén mot s6 vat lieu Si-MCM41, Silicagen,
silicalit. K&t qua cho ta thay rang vat liéu méi Si-MCM41 c6 kha ning hip phu m-xylen
dén 66%. Day la mot két qua hap phu chét hitu co t6t, ggi md mot huéng nghién ci, ing
dung vat liéu mao quan trung binh d€ xir 1y khi va thu héi cdc dung moi hitu co bay hai.
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