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MO PAU

Cac hop chét hiru co dé bay hoi (VOCs) duoc tao ra chu yéu tir su phat
thai ctia cac qué trinh san xuat cong nghiép va tir khi thai dong co, 1a mot
trong nhiing chat 6 nhiém chinh trong khi quyén va anh huong tryuc tiép dén
suc khoe cia con nguoi.

Hai phuong phép truyén théng dé xir ly cac hop chat VOCs tir ngudn
khong khi bi & nhiém 1a phwong phap hap phu va phuong phap oxi hoa nhiét.
Hap phu 1a phwong phap thu giit VOCs bang céc vat liéu ran c6 cau trdc mao
quan va c6 bé mit riéng I6n (vi dy, than hoat tinh hoic zeolit). Sau do, vat
licu hap phu can phai dugc hoan nguyén (bing gia nhiét hoic dung moéi,...)
dé duy tri va phuc hoi s6 tdm hap phu, vi thé, vat liéu hip phu can c6 do bén
vé cau tric ciing nhu kha ning hoan nguyén dé c6 thé tai sir dung nhiéu lan.
Phuong phéap oxi hoa cac hop chat VOCs bang nhiét thuong xay ra ¢ nhiét do
kha cao, din dén tao ra mot s6 san pham phu doc hai, tiéu ton nhiéu ning
lwogng, do vay, s& khéng kha thi vé kinh té.

Oxi hoa xtc tac duoc xem 14 ki thuat tién tién nhat dé xur ly triét dé céc
hop chat VOCs thanh CO, va H,0. Cac chat xtic tac dong vai tro quan trong
trong viéc chuyén héa VOCs thanh cac chit khong doc hai ¢ nhiét do thap
hon so vdi oxi hda khéng xdc tac (oxi hda nhiét). Vi du, qua trinh oxi héa
hoan toan benzene trén chat xuc tac Pt/y-Al,O; xay ra & nhiét do khoang
200°C, trong khi d6, nhiét d6 oxi hda hoan toan benzene khdng c6 mit chat
xUc tac phai dat dén nhiét d6 500°C. Céc chat xuc tac chinh dugc sir dung cho
qua trinh oxi héa VOCs thuong dua trén co s& kim loai quy (Pt, Pd, Rh,
Au,...) va oxit ctia cac kim loai chuyén tiép (V, Cr, Mn, Fe, Co, Cu, Ni, ....).

Xuc t&c kim loai quy c0 hoat tinh cao trong phan ng oxi héa VOCs bai
oxy khéng khi 1a Pt va Pd. Trong nhdm chat xuc tac nay, Pt va Pd thuong & dudi

dang kim loai riéng r& hoic duéi dang két hop véi mét sé kim loai khac nhu Ru,



Rh, Os hoic Ir va dugc mang trén cac chat mang oxit khac nhau (y-AlLOs, SiO,).
Vi phan tng oxi hda xay ra rat nhanh trén cac tam kim loai quy nén céc pha hoat
dong nay chi chiém mat ti 1é kha nho trong thanh phan cia chét xic tac thuc té.

Do kém bén & nhiét 6 cao, d& bi ngo doc bai cac tap chat chia luu
huynh, clo va dac biét cé gia thanh cao nén hudng trng dung cuaa xuc tac kim
loai quy trong xir Iy mdi truong chua thuc sy kha thi vé mat kinh té. Hién nay,
viéc thay thé kim loai quy bang oxit kim loai chuyén tiép dé xa ly cac hop
chat VOCs da va dang dugc phat trien khd manh mé do nhimng wu diém nhu
d6 bén hoa va d6 bén nhiét cao, it bi ngd doc bai cac tap chat chia luu huynh,
clo, gia thanh thap va dé ché tao. Cac oxit kim loai chuyén tiép c6 hoat tinh
xUc tac tot cho phan ung oxi héa cac hop chat VOCs Ia oxit cua cac kim loai
V, Cr, Mn, Fe, Co, Cu va Ni.

Mot trong nhiing han ché caa xdc tac kim loai chuyén tiép 1a hoat tinh
xUc tac chua cao & nhiét do thap (< 200°C). Do vay, dé dat duoc tinh kha thi
vé kinh té trong @ng dung céc chat xdc tac oxit kim loai chuyén tiép, van dé
can dat ra cho céc nha khoa hoc xuc tac 1a tim bién phap 1am giam nhiét do
chuyén h6a VOCs ma van dat hiéu qua xir Iy cao.

C6 hai cach thire c6 thé can thiép dé giai quyét van dé do la:

(i). Ché tao xuc tac.
(ii). Thuc hién mot ky thuat tién hanh phan (ng phu hop.

Tur nhitng théng tin vé phuong phap hap phu va phuong phap oxi héa co
thé nhan thay:

(i). Phuong phap hap phu khéng phil hop cho xir Iy VOCs ¢ nong do
cao; qua trinh hoan nguyén vat liéu can thém céac giai doan Xt ly tiép
theo cac VOCs bi hap phu thanh nhitng chat khong doc hai than thién
V&1 moi truong.

(ii). Phuong phap oxi hoa thich hop cho xir Iy VOCs & nong do cao
nhung lai khong thich hop véi xir Iy VOCs & nong do thap.



Pé khic phuc nhitng nhuge diém va phét huy téi da nhimg wu diém, gan
day y tuong “tich hop” phuong phap hap phu va phuwong phap oxi hoa thanh
mot ki thuat méi - ky thuat hap phu/xic tac da duoc dé xuat bai cac nha khoa
hoc. V&i ki thuat nay, VOCs c6 thé duoc xu Iy hiéu qua ngay & nhiét d6 thap
(< 200°C).

Trén co so nhitng luan giai da néu, y tuéng luan an “Nghién criru tinh
chdt hdp phu - x(c tac cia vt ligu lwéng chike ning trén co sé Coz0,/than
hoat tinh trong xar ly meta-xylene” d@a duoc hinh thanh.

Muc dich khoa hoc cua luan an |a:

Nghién citu xac ldp diéu kién thich hep nhdt d@é thuc hién thanh cong
ky thudt hap phu/xdc tac trén co sé sir dung mét vt lidu vira co chirc
nang hdp phu va vira ¢6 chirc nang xac tac. Vat liéu heong chirc nang
duwoc lya chon trong lugn an la coban oxit duwoc mang trén than hogt
tinh Tra Bdc.

e Nhitng diém méi cia lugn an

1. Xuat phat tir than hoat tinh Tra Bac (AC) dang hat nho (kich thuéc
0,65 - 1,00 mm) va mudi coban clorua, dd ché tao dugc vat liéu ludng
chic niang hap phu/xic tdc Co/AC, trong d6 Coz04 dong vai tro 1am
tam xuc tac con AC dong vai tro 1am chat mang va tdm hap phu. Trén
co s& vt lidu ludng chirc ning nay da dé xuat ky thuat phan tng hai giai
doan: hap phu va sau d6 oxi hoa xtc tac.

2. Bang phuong phap xay dung dudng cong thoat da tim dugc diéu
kién thich hop nhat dé xu ly thanh cong meta-xylene véi hiéu suat 96 -
99% & nhiét do thap 180 - 200°C. D6 la:

- Thoi gian hap phu t, = 100 phat

- Thoi gian oxi hoa xuc tac 150 phut

- Tc d6 khong gian thé tich VHSV = 1936,11 h™

- Khéi lwong xuc tac: 0,62g.



3. ba nghién ctru dong hoc cua qua trinh oxi hda meta-xylene trén vat
liéu ludng chirc ning Co/AC va da dé xuat duoc co ché chuyén hoa
meta-xylene bai oxi khong khi nhu sau: meta-xylene wu tién hap phu
trén AC tao ra phac hap phu bé mat (AC-X),, con oxy khong khi wu
tién hap phu trén cac tam Cos0, tao ra phtc hap phu bé mat (Cos0,-
Oy)np- Sau do, hai phirc ndy tuong tac véi nhau tao ra cac san pham

CO, va H,0 ddng thoi giai phong céc tim hap phu va cac tam xuc tac.



CHUONG 1. TONG QUAN TAI LIEU

1.1. VOCs, nguén phat thai, tinh ddc hai
1.1.1. VOCs va nguén phat thdi

Do su dé bay hoi trong khi quyén ngay & nhiét do thuong, cac hop chét
(VOCs) ¢6 mat ¢ khap moi noi: tai cac tram bao dudng may mdc, cac cira
hang ban xing dau, cic cira hang ban son va muc in, cdc nha may loc dau, cac
nha may sir dung dung méi hiru co, cac nha may san Xuit son va muc in, Cac
khu ché bién thyc pham,..... Theo co quan bao vé méi truong Hoa Ky - EPA,
VOCs bao gom tat ca nhitng hop chat caa carbon (trir CO, CO,, H,COj3, cac
hop chat carbua va carbonat kim loai) tham gia vao cac phan ¢ng hda hoc
trong khi quyén va cé &p suét hoi 16n hon 13,3 Pa & 25°C [32, 57, 79]. Theo
dinh nghia ndy, VOCs c6 thé ton tai dudi dang cac hop chat vong thom,
ankan, anken, andehit, ancol, hydrocarbon chura clo.

VOCs gay 6 nhiém moi truong khong khi déng thoi ciing giy 6 nhiém
moi trudng nudce va dat theo con dudng hoa tan trong nudc mua. Sy phat tan
VOCs vao mdi truong c6 ngudn gde tu nhién va nhan tao.

Dbi v6i ngudn tu nhién, da sé VOCs phat sinh tir qué trinh phan huy
dong vat, thuc vat (than, 14, hoa..) va chay rung.

Ngudn nhan tao [79] c6 thé chia thanh hai nhém: nhdmVOCs ngoai troi
(outdoor), chu yéu phat thai tir qua trinh dét chay nhién liéu va khi thai cong
nghiép, khi thai tao ra tir dong co; va nhdm VOCs trong nha (indoor), chu yéu
thodt ra tir cac qua trinh dét than, nhién liéu dan dung (khi gas) trong céac ho
gia dinh, tir kh6i thudc 14, noi that trang tri méi, son nha, gidy dan tuong, thiét
bi vin phong nhu may in, may photocopy, cac san pham tay ria,.... Theo co
quan bao vé moi truong My EPA, chi riéng lugng VOCs thoat ra tir son

chiém téi 9% tong cac hop chat gay 6 nhiém mai truong. Mit khac, tai My,



40% VOCs thodt ra tir cac hoat dong giao thong van tai va sé con lai duogc
giai phong tir cac qua trinh khac nhu khi thai céng nghiép, khi dét nguyén
liéu, qua trinh sir dung dung mai hiru co dé bay hoi. ..

Tai Viét Nam, nhiéu loai son c6 tac hai xdu dén stc khoe con ngudi va
moi truong séng van dang duoc sir dung dé son nha &, noi lam viéc, cac toa
cao oc,...Do 1a nhing loai son ¢4 ham luong VOCS rat cao nhu son dau, son
PU (Polyurethane), son NP (nitro cellulose),...Ngoai ra, giao thong van tai
cling 14 ngudn phéat thai VOCs gay 6 nhiém mai truong khong khi. Theo
thdng ké cua Bo Tai nguyén méi truong (2012), ti 16 gay 6 nhidm khdng khi
boi khi thai dong co chiém ti 1& toi 60%. Khi thai dong co chu yéu Ia
hydrocarbon va dan xuat caa n6 do su chay khdng toan cta nhién liéu xang.
1.1.2. Pgc tinh cia cac hgp chdt VOCs
1.1.2.1. Anh hwéng truc tiép

VOCs 1a nhém chét doc hai chu yéu trong méi trudng khi quyén va duoc
xem la chit doc hai c6 nhiéu anh hudng truc tiép dén céac sinh vat séng, dac biét
la con nguoi. Cac loai VOCs khac nhau c6 cac anh hudng doc hai khac nhau tuy
thudc vao ban chat ciia chung. VOCs ¢6 thé tac dong dén hé than kinh, giy dot
bién gen, ung thu; kich ung da, mat; tac dong dén gan va co thé gy rdi loan tiéu
hoa [5]. Dudi day trinh bay mdt sé anh hudng chinh ciia ba chat VOC tiéu bicu
la benzene, toluene va xylene (BTX) dén con ngui.

- Benzene: di timg duoc sir dung rong réi trong cong nghiép san xuat
nhu dung 1am dung méi hoa tan m&, cao su, vecni, tay da, vai soi, xing
dau.... Nhiém doc benzene cd thé gay cac biéu hién nhu: dau dau, khé chiu,
chéng mit, budn ndn, tham chi ¢ thé tir vong do suy hd hap kéo dai. Néu tiép
xtc thudng xuyén c6 thé gay doc man tinh nhu rdi loan tiéu hoa, kém in, gay
xung huyét niém mac, rdi loan than kinh, bi chuét rat, thiéu méau. Benzene c6

thé gay nguy hiém dén tinh mang khi tiép xudc tir 5 dén 10 phat & ndng do



20.000 ppm.Theo QCVN 20: 2009/BTNMT [9] gia tri nong do téi da cho
phép hang nim 5 mg/m®,

- Toluene: duoc st dung chi yéu lam dung méi trong son, keo dan, nhwa
va lam chat xuc tac trong cdng nghé in anh,...Chi can tiép xtc véi mot luong
nhé cua toluene c6 thé gay cam gidc mat thiang bang, dau dau, giam tri nhé.
Néu tiép xtc véi nong dd cao hon s& gay 4o giac, ... Theo QCVN
20:2009/BTNMT [9], gia tri ndng d6 tdi da cho phép hang nim cua toluene 13
750 mg/m®,

- Xylene: ton duéi dang 3 d6ng phan ortho-xylene, para-xylene va meta-
xylene. Cac dong phan caa xylene duoc sir dung rong réi trong san xuat cong
nghiép nhu 1am dung mdi trong muc in, pham mau, keo dan, chat lam sach,
chat tay rira va téng hop to soi. Con ngudi ¢6 thé bi nhiém doc ortho-xylene
va meta-xylene qua con dudng hd hip va an udng. Dac biét, cong nhan trong
cac nha may san xuit son, trong gara 6td, tram ban xang dau cd nguy co bi
nhiém doc meta-xylene cao. Khi nhiém doc meta-xylene ¢ nong do thap s&
gay ngira mat, miii va hong; nhidm doc & mic do cao hon s& gay x40 tron can
bang co thé, suy giam chtc ning thi gi4c, chirc ning phoi, ¢ thé gay hong
gan va than. Nhitng phu nix ¢6 thai bi nhidm doc meta-xylene & nong do cao
s& gay hai dén bao thai [4, 5, 6, 28]. Theo QCVN 20: 2009/BTNMT [9], gia
tri ndng do t6i da cho phép hang nim cua xylene 1a 870 mg/m®
1.1.2.2. Anh hwong gidn tiép

Céac VOCs khi di vao khi quyén dudi tac dong cua anh sang mit troi s& lam
thay d6i chu trinh Chapman va do d6 s& anh hudng dén khi hau cta trai dét [5, 29].

Trong chu trinh Chapman binh thuong (hinh 1.1a), blrc xa mat troi tac
dung 1én khi NO, s& tao khi NO va gbc O°. Gbc nay két hop vdi O, c6 mat
trong tang d6i luu dé tao thanh O3. Sau khi Oz dugc tao thanh s& phan tng
véi NO dé tai tao lai NO, va ban than Oz chuyén thanh O,. Bang cach nay



da tao thanh mot chu trinh khép kin va khong lam tich tu Os trong tang doi
luu cua khi quyén.

Khi ¢6 mit cac VOCs, chu trinh Chapman s& bi thay ddi (hinh 1.1.b).
Trong chu trinh mé&i ndy sy pha hiy cac VOCs s& tao ra cic gbe c6 tinh oxi
héa manh. Cac gbc nay twong tac véi NO va do d6 1am pha v& cén bang cua

O3, lam cho lugng O3 trong tang ddi luu tang lén.

(b)
Hinh 1.1. Chu trinh Chapman (@) binh thuong va (b) bi thay déi

Ozon duoc tao thanh trong tang ddi luu duoc xem 1a khi c¢6 kha ning
gay hiéu tmg nha kinh gap 2000 1an so véi khi CO,. Su c6 mit ctia ozon
trong tang d6i luu con gdy nén nhiéu tac dong cd hai d6i v6i moi truong
(pha huy cdy cdi, hoa mau) va dbi voi con ngudi (gdy nén cac bénh vé

duong ho hép, kich tng mat).



1.2. Cac phwong phap xir ly VOCs

Do céc hop chat VOCs ¢6 doc tinh cao ddi véi méi truong séng va su gia
tang phat thai cac hop chat VOCs ngay cang 16n nén viéc kiém soat mot cach
chat ch& va xir Iy triét dé VOCs 12 mot yéu cau rat cap thiét.

Nhitng phuong phap giam thiéu cac hop chat VOCs gay 6 nhiém moi
truong c6 thé ké dén la: phuong phap hap phu, phuong phap ngung tu, phan
haty VOCs bang nhiét, phan huy VOCs béi chat xic tac (phwong phap oxi hoa
xUc tac), phan hay xdc tac bing ozon, plasma va phan hay sinh hoc. Trong sé
d6, hai phuong phap phd bién nhat 1a phuwong phap hap phu va phuong phap
oxi hoa xuc tac [10].

1.2.1. Phwong phdp hép phu

Hap phu 1a qua trinh tich lily cac chat 6 nhidm trén bé mat céc vat liéu
mao quan c6 dién tich bé mat riéng 16n. Khi vat liéu hap phu di hap phu bdo
hoa chat 6 nhiém thi qué trinh giai (khtr) hap phu chat 6 nhiém ra khoi bé mat
vat liéu hap phu duoc yéu cau dé hoan nguyén lai vat liéu hap phu. Vat liéu
hap phu c6 thé dugc hoan nguyén boi nhiét do, ap suat thich hop, khi tro hoac
cac hoa chat khac. Hoi nudc va nhiét 1a hai yéu té thuong dugc lva chon cho
qué trinh hoan nguyén cac vat liéu hip phu. Nhiét do thuong st dung dé hoan
nguyén khoang 800 - 900°C.

Uu diém noi bat cia phuong phap hap phu 1a cé thé “thu gom” céc
chat 6 nhiém & ham luong thap va rat thap. Boi thé, phuong phap nay dat
hiéu suat loai bo rat cao cac hoi dung méi véi ham lugng nho ra khoi moi
trudng phan tan chdng. Tuy nhién, véi ham lwgng chat 6 nhidm I6n, hap
phu lai khdng c6 hiéu qua cao do nhanh chéng dat can bang hap phu. Hon
nita, qua trinh hoan nguyén vat liéu & nhiét do cao (800 - 900°C) thuong
dan dén su pha huy ciu trdc caa vat liéu hap phu, do d6, lam giam sb tam

hap phu va hiéu suat hap phu.
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Nhuoc diém nita cia phuong phap nay 1a doi hoi qua trinh hoan nguyén
khdng don thuan chi khir hip phu cac chat 6 nhidm ma can mét budc xu ly
tiép theo dé loai bo hoan toan kha ning giy 6 nhiém cua cic chat nay, tranh
ngudn 6 nhidm thir cap.

1.2.2. Phwong phap oxi héa xuc tdac

Oxi héa xtc tac dugce danh gia 1a ki thuat tién tién nhat dé xu Iy hiéu qua
cac cac hop chat VOCs ¢ nong d6 cao thanh CO, va H,0. Céc chat x(c tac
dong vai trd quan trong trong viéc chuyén héa VOCs thanh céc chat khong
doc hai ¢ nhiét do thap.

Su lya chon vat liéu xdc tac phu hop khong phai 1 nhiém vu dé dang do su
phtic tap ca vé chiing loai va thanh phan VOCs trong cac nguon khi thai thyc té.
T rat nhiéu nghién ciu cho thay c6 hai nhdm xuc tac chinh thuong duoc lya
chon, do la xdc tac kim loai quy (Pt, Pd, Ru, Au...) va xuc tac oxit kim loai
chuyén tiép (cac oxit ciia cac kim loai V, Cu Co, Mn, Fe...). Xtc tic trén co s&
oxit kim loai chuyén tiép cd gia thanh thip hon va chiju ngd doc tét hon nhung
hoat tinh xUc tac khéng bang xtc tac trén co s& kim loai quy. Dé tang hiéu qua
sir dung chit xtc tac, xtc tac trén co s& kim loai quy va oxit kim loai chuyén tiép
déu dugc dua trén chat mang phu hop. Cac chat mang thudng duoc sir dung 1a:
Al,O3, CeO,, than hoat tinh, cac vat liéu nanotubes, zeolit, ...
1.2.2.1. Xuc tac kim logi quy

a. Pha hoat dong

Xuc tac trén co s kim loai quy c6 hoat tinh rat cao cho qué trinh oxi hoa
cac hop chat VOCs bai oxy khong khi ¢ nhiét d6 thap (< 200°C) [11, 17, 20,
49, 67, 79, 81, 86, 90]. Hoat tinh xUc tac cua kim loai quy tuy thudc vao ban
chat cua kim loai, ban chat cua chat mang va ting loai VOCs can xu ly
(ankan, anken, aromat, hydrocarbon chtra clo, ...) [34, 48, 52, 56, 57, 59].

Trong cac cong trinh da cong bd, Pt va Pd dugc biét nhu 13 kim loai c6 hoat
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tinh xuc tac cao. Nghién ctu cua Patterson [57] chi ra trén xuc tac
1%Pt/y-Al,O3, nhiét do oxi héa hoan toan benzene, toluene (ndng do 100
ppm) lan luot 14 135°C va 175°C khi c6 mat 0,6% O,. Cong bd cua Liotta
[60] cho thdy trén xac tac 1,0% Pt/y-Al,Os, nhiét ¢ chuyén hda hoan toan
propane va toluene (nong do 1000 ppm) tuong tng la 152°C va 270°C khi c6
mat cua 9% O, voi luu luogng dong khi phan tng W = 120 mL/phut va 0,2g
xuc tac. Vi xtc tac Pd, Huang [36] xac dinh rang & VHSV = 50,000 h™, luu
lugng dong W = 100 mL/phat, xdc tac 1% Pd/y-Al,O3 da chuyén hoa 98%
ortho-xylene néng do 100 ppm & 120°C con xdc tdc 1% Pt/y-Al,O; chi
chuyén hoa 40% ortho-xylene 100 ppm & nhiét ¢6 200°C.

Kim va cong sy [51] cling cong b xdc tac 1% Pd/y-Al,O5 di chuyén hda
dugc 100% toluene va ortho-xylene (ndng do 1000 ppm) & nhiét o6 220°C
Vvé6i diéu kién phan tng 0,2g xtc tac, luu lwong dong khi W = 100 mL/phdit.

b, Pha phan tan (chat mang)

Chat mang duogc sir dung kha phé bién, trudc hét phai ké dén y-Al,O; V6i
bé mat riéng tir 100 - 200 m?/g. y-Al,O; ¢6 kha ning phan tan kha tét cac pha
hoat dong x(c tac va c6 kha niang “thu hut” cac chat tham gia phan (ng théng
qua qua trinh hap phu [30]. Hon nita, y-Al,O; ciing 1a chat kh& bén nhiét va
bén co hoc. Tuy nhién, nhuge diém chinh caa chat mang y-Al,Os 1a c6 bé mit
“ra” nude nén hoi nudc tir khéng khi am va hoi nuée tir san pham cua qué
trinh oxi héa VOCs s& d& dang hip phu canh tranh véi céc hop chit VOCs
trén bé mit cua y-Al,Os, din dén 1am giam hoat tinh va d6 bén cua x(c tac
trén chat mang nay [81, 87, 88].

Zeolit ciing 14 mot chat mang c6 trién vong cho xuc tac kim loai quy.
Véi mang cau trdc vi mao quan va bé mat ¢ tinh chat axit, zeolit c¢d thé kiém
soat dugc hinh dang va kich thudc hat caa cac kim loai quy [54, 55], tao ra su

phan tan tt cho céac pha hoat dong [64]. Bén canh do, zeolit cling bén & nhiét
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d6 cao. Cac cong trinh [54, 55] cho thay nhiét d6 chuyén hda hoan toan VOCs
trén xuc tac kim loai quy mang trén zeolit dao dong trong khoang 140 - 360°C
thy thudc vao ban chat caa tirng loai VOCs va ban chat caa ting kim loai quy.
MJi loai zeolit c6 ban chat khac nhau (vé ti 1& Si/Al) thi hoat tinh xtc tac
cling khac nhau. Vi duy, xuc tac 1,2% Pt/HFAU (ti 1€ Si/Al = 17) oxi hda hoan
toan MEK (methylethylketone) thanh CO, va H,O & nhiét do 220°C, trong khi
d6, xuc tac 1,0%Pt/NaX (ti 1& Si/Al = 1,2) chuyén hda 100% MEK & nhiét do
250°C. XdUc tac 1,2% Pt/HFAU (ti 1&é Si/Al = 17) oxi hoéa hoan toan PCE
(tetrachloroethylene) thanh CO, va HCI & 500°C [41]. X(c tac 0,2%
Pd/HFAU (ti I¢ Si/Al = 17) [42] d4 chuyén hda hoan toan ortho-xylene nong
do 1170 ppm thanh CO, va H,O & 290°C khi TOS > 30 phit (TOS- Time -
On- Stream). Trong nghién cau cua Tsou [78] ortho-xylene c6 ndng do 1700
ppm da bi oxi hoa trong khoang nhiét d6 180 - 240°C trén xuc tac Pt/zeolite.
Nhom tac gia da chi ra rang d6 chuyén hoa cua ortho-xylene phu thudgc vao
ham lugng Pt trong xdc tac. Nném nghién cau caa Tidahy [75] d3 cong bd
rang xdc tac chira 0,5% Pd phan tan trén zeolite da chuyén hoa duoc 100%
toluene (nong do 1000 ppm) & 200°C. Tuy nhién, nhuoc diém chinh cua xuc
tac kim loai quy trén zeolit trong qué trinh oxi hoa VOCs bai oxy khéng khi
la chat xdc tac bi ngd doc boi cbe [16, 31]. Diéu nay din dén sy mat hoic 1am
giam hoat tinh xuc tac.

Than hoat tinh 13 vat liéu mao quan véi nhitng tinh chat vu viét nhu bé mat
riéng 16n (800 - 1100 m?/g), cAu tric mao quan phét trién va dac biét bé mat cua
than hoat tinh c6 tinh chat “ki” nudc, do do, than hoat tinh rat phi hop 1am chat
mang xuc tac cling nhu 1am vat liéu hap phu VOCs [19].

Céc cong b [67, 81, 87, 88, 90] cho thiy xuc tac kim loai quy (Pt) mang
trén than hoat tinh c6 nhimg wu diém nhu nhiét do phan tng thip hon
(< 200°C) va kha bén véi cac hop chat chira clo, luu huynh. Vi du, nhém
nghién ctu cia Wu [78, 88] di cong bo rang trén 0,25g x(c tac 0,3% Pt/AC
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téc do khéng gian thé tich VHSV = 21500 h™, nhiét d6 chuyén héa 100%
benzene va toluene (ndng do 2000 ppm) dao dong trong khoang 140 - 180°C
con 60% xylene (ndng d6 2000 ppm) dugc chuyén héa ¢ 190°C. Trong
nghién ciru nay, nhom tac gia ciing so sanh hoat tinh xtc tac cia 0,3% Pt/AC
va 0,3% Pt/y-Al,O; trong quéa trinh oxi hda benzene (ndng d6 640 ppm). Két
qua cho thay, nhiét d6 chuyén hoa 100% benzene trén x(c tac 0,3% Pt/AC la
132°C trong khi nhiét d6 chuyén hoa 100% benzene trén xdc tac 0,3% Pt/y-
Al,O5 1a xap xi 200°C. Céc tac gia cho rang nong do cua benzene bi hap phu
trén bé mat chat xudc tac 1a yéu té quyét dinh dén hoat tinh xdc tac: dung
lwong hap phu benzene cua y-Al,O; (q = 0,009 g/g) thiap hon so véi dung
lugng hap phu benzene caa than hoat tinh (q = 0,139 g/g), do d6, xdc tac
0,3% Pt/AC c6 hoat tinh xdc tac cao hon xuc tac 0,3% Pt/y-Al,O;. Hon nira,
khi nghién ctu vé anh huong cia hoi nuéc, nhdm tac gia ciing chi ra rang
hoat tinh xuc tac cua 0,3% Pt/AC trong qué trinh oxi hoa toluene va xylene it
bi anh huong béi hoi nuée do qua trinh hap phu va su ngung tu hoi nuéce trén
AC c6 thé bo qua. Vi dy, nhiét do chuyén hda 50% toluene (nong do 640
ppm) khi khdng cé va c6 mit hoi nude (ham luong 6%) lan luot 12 157°C va
166°C; nhiét ¢ chuyén hda 50% xylene (néng d6 640 ppm) khi khdng c6 va
c6 hoi nudc tuong (ing 1a 169°C va 172°C. Trong mot nghién ciru khéc, Shim
va cong su [81] cho thay nhiét d6 chuyén héa 50% benzene, toluene, ortho-
xylene (ndng do 1000 ppm) trén 0,1g xuc tac P/AC lan luot 1a 180°C, 200°C
va 245°C & VHSV = 8000 h™. Céc tac gia ciing chi ra rang dung luong hip
phu BTX la yéu té anh huéng chinh dén kha ning chuyén héa BTX.

Gan day, carbon nanotube (CNT) ciing dugc xem la chat mang tiém
ning cho xdc tac kim loai quy do CNT ciing c¢6 bé mit riéng phat trién, co
tinh chat “ki” nudc, do bén hoa va do bén nhiét cao, bé mit ciing ton tai mot s6

nhom chirc chira oxy va nhitng khuyét tat mang cau trac. Vi du, trén xdc tac
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30% PYCNT [49], khi c6 mat 20%0,, véi VHSV = 75,000 h?, nhiét do
chuyén hoa hoan toan benzene, toluene va ortho-xylene (nong d¢6 100 ppm)
twong trng la 112°C, 109°C va 104°C.

1.2.2.2. XUc t4c oxit kim logi chuyén tiép

So véi xuc tac kim loai quy, xGc tac oxit kim loai chuyén tiép thuong c6
hoat tinh thap hon & nhiét thap (< 200°C) nhung ¢ nhiét do cao (> 300°C),
nhém xuc tic nay cling thé hién hoat tinh twong duong nhu xtc tac kim loai
quy. Ngoai ra, oxit kim loai chuyén tiép con c6 do bén nhiét va do bén héa cao
hon (do it bi ngd doc bai cac tap chat chia S, P va Cl), dic biét c6 gia thanh
thap hon nhiéu va dé ché tao hon xuc tac kim loai quy. Véi nhimg uu diém
nay, oxit kim loai chuyén tiép di va dang thu hit dugc su quan tdm cua cac nha
khoa hoc va cac nha cong nghé trong linh vuc XUc tac.

Coban 1a kim loai thugc nhdm kim loai chuyén tiép, tén tai & hai trang
thai oxi hda khac nhau Co**, Co®* dudi hai dang oxit chinh 1a CoO va Coz0..
Trong d6, Cos04 c6 d6 bén nhiét cao va co hoat tinh x(c tac tét nhat do nd
chtra nhiéu nguyén tir oxy linh déng. Gan diy, cic nha nghién ctru dang tap
trung mé rong g dung xtc tac trén co sd coban oxit trong xur Iy moi truong,
dic biét trong cac phan tng oxi hoa triét dé cac hop chat VOCs [13, 18, 25,
26, 36, 44, 48,51, 63, 71, 73, 76, 82, 86, 89, 91].

Mot s6 cong bd trude day cho rang coban oxit phan tan trén cac chat
mang truyén théng nhu Al,0s, SiO, [51] hau nhu khong c6 hoat tinh x(c tac
dbi véi qua trinh oxi hda toluene, para-xylene & nhiét d6 thap (< 200°C).
Nhung sau nay Balzer [23] da chirng minh xtc tac coban (ham luwong 10 -
20%) trén chat mang Al,Oz két hop vai CeO, c6 thé chuyén hda 50% toluene
trong khoang nhiét do 200 - 250°C va chuyén héa 40 - 55% para-xylene &
nhiét do 300°C.

Céac chat mang c6 dién tich bé mit riéng 16n nhu than hoat tinh (AC),

carbon nanotubes (CNTS) c6 kha ning phan tan tot coban oxit nén xdc tac cé
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hoat tinh kh& cao trong qué trinh oxi héa BTX [13, 36, 48]. Alvim-Ferraz va
cong su [13] cdng bé rang xdc tac Co/AC di chuyén héa 90% benzene nong
d6 2000ppm & 250°C. Guar va cong su [36] da cong bd rang xic tac
5%Ni/AC va 5Co/AC da chuyén hoa 90% meta-xylene néng do 2000ppm &
300°C (diéu kién phan @ng: 1,0g chat xdc tac va 2,0% oxy), trong khi do, &
cung diéu kién, xuc tac 5%Cu/AC chi chuyén hoa 78% meta-xylene. Cong
trinh [48] cua Jiang cho thay x(c tdc Co;0.,/CNTs dd chuyén héa 100%
toluene nong d6 850 ppm thanh CO, va H,O & 257°C véi sy c6 mat caa 20%
oxy, luu lugng dong khi W = 60 mL/pht va 0,2g chat x(c tac. Tac gia cho
rang kich thugc hat Cos0, khong phai 14 nguyén nhan duy nhat anh huéng
dén hoat tinh xdc tdc ma tinh chat oxi héa khir va mat do oxy hap phu trén
C0;0,4 méi 1a nhan t chinh lam ting hoat tinh xdc tac. Joung va cong su [49]
d3 tong hop va nghién ciu xdc tdc Cos0/CNTSs cho qué trinh oxi hda toluene.
Két qua cho thdy nhitng khuyét tat mang cau tric cua CNTs khong chi lam
tang lwong oxy hap phu ma con lam ting toc d6 cua qué trinh oxi hda - khu.
Yéu t6 nay da cai thien mot cach dang ké hoat tinh xdc tac cua vat liéu
Co;04/CNTs cho qué trinh oxi hda hoan toan toluene (100% toluene néng do
850 ppm chuyén hda & 257°C va d6 chon loc CO, 1a 100% trong diéu kién 0,2
xuc tac, 20% O, va luu lugng dong khi W = 60 ml/phat).

Nhitng nghién ctu gan day (nam 2010 - 2013) mé ra kha ning lam chét
mang cua vat liéu mao quan trung binh cho xdc tac coban oxit trong qua trinh
oxi hoa cac hop chat VOCs [73, 86, 91]. Xia va cong su [86] cho thy xUc tac
Co;0, phan tan trén SBA-16 va KIT6 da chuyén hoa dugc 90% toluene va
metanol (ndng d6 1000 ppm) & nhiét do trong tng 1a 180°C va 139°C vai ti 1é
toluene/oxi = 2/1, ti 1& metanol/oxi = 2/1 va VHSV = 20,000h™. Ba yéu t6 chinh
anh huong dén hoat tinh xGc tac cua vat liéu nghién cau 1a: (i), cau trdc

mesopore 3D trat tu cua chat mang, tao thuan loi cho qué trinh hap phu va
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khuéch tan cac phan tar VOCs trén bé mat va su trong cAc mao quan cua chat
xuc tac; (i), mat do 15 tréng oxy bé mat cua Cos04, tao thuan lgi cho su hap phu
hoat hoa phan tir oxy; va (iii), tinh chat oxi hoa khir cia oxit Cos04. Qué trinh
khir hoa oxit Cos04 bai tac nhan khir hda H, xay ra theo hai giai doan: giai doan
1, 1a qua trinh khtr Co30, V& CoO & khoang nhiét do 283 - 299°C; va giai doan 2
la quéa trinh khtr CoO vé Co kim loai & khoang nhiét do 348 - 382°C [86].

Nghién ctru cua tac gia [91] dan dén két luan viéc bo sung oxit CeO, (ti 16
Co/Ce = 18/1) vao vt lieu Co-SBA-16 di ha nhiét do chuyén hda 90%
benzene 1000 ppm tir 320°C xudng 210°C trong cung diéu kién phan tng
(VHSV = 20,000h™, luu lwong dong khi W = 125 mL/ph(t). Nguyén nhan
chinh la do oxit CeO, da lam tang kha nang luu gilr oxy, tao ra va lam tang su
linh dong ctia oxy nguyén tir, din dén lam ting tinh chat oxi hda khir cia chét
xuc tac.

Nhu vay, coban oxit 13 mét trong nhitng oxit kim loai chuyén tiép thé hién
hoat tinh x(c tac khé tot dbi vai cac qua trinh oxi hda cac hop chat VOCs.

1.2.3. Vit liéu hrong chiic ning hap phw/xiic tic va ky thuit hap phw/xiic tic
1.2.3.1. Vat liéu luong chite nang hap phulxic tac

Vit liéu ludng chirc ning hap phu/xtc tac dugc ché tao dudi dang
MeOx/SP. Trong d6, SP 1a chat mang déng vai tro lam chat hap phu céc hop
chat VOCs con MeOx 14 tdm xuc tac oxi hda cac hop chat VOCs bj hap phu
dé hoan nguyén SP.

Chat mang SP phai 1a vat liéu c6 bé mat riéng 16n va c6 tinh chat ki nuéc
dé c6 kha nang hap phu tét cac hop chat VOCs. Cac vat liéu hip phu thuong
dugc sir dung la than hoat tinh va cac vat liéu vo6 co mao quan nhu zeolit
ZSM-5 va SBA-15.

MeOx 14 oxit cua cac kim loai quy hoic kim loai chuyén tiép duoc

phan tan trén chat mang SP bang cac phuong phap tim uét, trao doi ion,
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ling dong pha hoi, ...) dé tao ra cac tdm xtc tac c6 kich thuéc hat rat nho
(c& nm). Can luu y str dung ham luong cia MeOx (%) khdng 16n (1 - 10%)
dé thuc hién nhiém vu oxi hoa triét dé va khdng 1am giam d6 hap phu VOCs
cuia chat mang.

1.2.3.2. Ky thudt hdp phu/xdc tac

K§ thuat hap phu/xic tac 1a ky thuat hitu hiéu cho qué trinh xtr ly khi
thai chira VOCs, bao gdom hai giai doan: giai doan dau tién 1a qué trinh hap
phu VOCs trén mot s6 vat lieu hap phu (vi du: zeolit, than hoat tinh) & nhiét
d6 thich hop, giai doan tiép theo 1a qua trinh oxi hoa VOCs di bi giit lai ¢ giai
doan 1 nho vai trd cua chat xdc tac [11, 14, 31, 45]. Véi ky thuat nay, giai
doan dau tién cho phép xu Iy hiéu qua (kinh té) cac chat & nhiém VOCs &
nong d6 thap. Giai doan 2 cho phép hoan nguyén lai cac tm hép phu va
chuyén héa xuc tac VOCs thanh cac san pham it doc, 1a CO, va H,0.

Ky thuat hip phu/xic tac tng dung cho qua trinh oxi héa cac hop chat
VOCs dugc nghién ciru dau tién bai Greence va cong su [40]. Nhom téc gia da
sir dung vat liéu P/ZSM-5 zeolit va Pt/Y zeolit 1am mai truong hap phu VOCs
chira clo. Pay 1a vat liéu mao quan c6 do bén nhiét cao, hap phu tét VOCs
trong moi trudng c6 do am. Vi ki thuat nay, giai doan hap phu bdo hoa VOCs
chta clo dugc tién hanh & nhiét do 15 - 25°C. Sau d6, tién hanh nang nhiét do
dén nhiét do hoat dong cua chat xdc tac (250 - 350°C) dé oxi héa lwgng VOCs
chta clo da bi gitr lai o giai doan hap phu. Két qua cho thay 99,40% VOCs
chta clo néng d6 1500 ppm di bi oxi hda hoan toan tai nhiét d6 350°C voi
VHSV =2400 h™

Tir dé xuat cuia Greence va cong su, Baek [21] ciing nghién ctu va da cong
bd rang zeolit HY ciing 1a vat liéu phi hop véi ky thuat hap phu/x(c tac do né
kh& bén & nhiét d6 cao va c6 dung lwong hap phu VOCs cao trong diéu kién c6

d6 am (do bé mit cua HY c6 tinh chat ki nudc). Tac gia cho thay rang qué trinh
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khir hap phu VOCs khoi bé mat zeolit HY xay ra ciing rat thuan loi. Tur do,
nhém nghién ctru da dé xut str dung xuc tac 3%AU/HY (zeolit HY chia 3%Au)
lam vat liéu vira c6 tinh chat hip phu vira cd tinh chat xuc tac dé oxi hoa toluene
nong do 1000 ppm. K¥ thuat thuc nghiém duogc tién hanh nhu sau: trudc tién,
toluene duoc hap phu bdo hoa trén vat liéu 3% Au/zeolit, sau do, thuc hién phan
g bé mit theo chuong trinh nhiét 46 (TPSR) dé danh gia hoat tinh x(c tac cua
vat lieu 3%AU/HY. Két qua cho thay toluene nong d6 1000 ppm dugc chuyén
hda hoan toan ¢ nhiét do 290°C trong diéu kién thuc nghiém 0,059 vat liu
3%AU/HY va téc d6 khong gian thé tich VHSV = 6000 h™.

Theo Guillemot [41], ky thuat hap phu/xtc tac ciing duoc &p dung mot
cach hiéu qua cho qua trinh oxi hoa hoan toan PCE va MEK trén co s& stir dung
zeolit HFAU (17) 1am vat liéu hap phu va 1%Pt/NaX 1am chat xdc tac oxi ha
MEK va 1,2% Pt/HFAU lam chat oxi héa PCE. O giai doan 1, PCE duoc hap
phu trong khoang thoi gian 40 phit ¢ 25 - 30°C con MEK duoc hip phu
khoang thoi gian 100 phit & 25 - 30°C. Sau d6, reactor chaa vat liéu hap phu
va chat xtc tac dugc gia nhiét dén cling mot nhiét do hoat dong cua chat xdc
tac. Khi ay, MEK va PCE bi khir hip phu va bi oxi hda trén I6p chét xuc tac
(giai doan 2). Két qua cho thady MEK bij oxi héa hoan toan & 250°C trén
1%Pt/NaX, trong khi d6, PCE bi oxi héa hoan toan & 450°C trén
1,2% Pt/HFAU trong cung diéu kién thuc nghiém 115 mg vat liéu xuc tac,
VHSV =6120 h™,

Nhu vay, voi k thuat hap phu/xdc tac, vat liéu duoc str dung khong don
thuan chi c6 mot tinh nang hap phu nhu trong k¥ thuat hap phy, hoac chi co
tinh nang xuc tac nhu trong ki thuat oxi hda xuc tac dong lién tuc ma no phai
tich hop ca hai chirc nang d6 (chtrc nang hap phu va chirc ning xtc tac). VAn

dé dat ra ¢ day la k¥ thuat tién hanh phan tng nhu thé nao dé phat huy vai tro
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ludng chuc cua vat liéu nay? Cac nha khoa hoc da dé xuat ra cac mé hinh dng

phan tmg nhu dugc trinh bay trén hinh 1.2.

VOCs VOCs B
74 A // \
i / l/ i
Y //B 4 j// , Y g // i
A " A /
/ /// / / '
-, VOGS
. —
........................... '
(a) (b)
VOCs.col,Hjol OH0_g |

Hinh 1.2. (a): Ong phan iing chira vt liéu ludng chirc nang hdp phu/xic tac
dwege gia nhiét gian doan; (b): Ong phan g chira vit liéu luéng chirc ning
hdp phu/xiic tac va lo gia nhiét di dong.

A Lop vat lieu B: L0 gia nhiét == Van 1 chiéu

M6 hinh dng phan &ng (a) lam viéc theo ché do gia nhiét gian doan.
Nguyén |y hoat dong cua reactor 1a: & giai doan hap phu, VOCs duoc hap
phu trong khoang thoi gian hap phu t, thi ding quéa trinh hap phu (t, 1a thoi
gian quan sat thay VOCs thoat ra khéi cét xiic tic va dwoc xdc dinh tir
dwong cong thoat hap phu). Sau d6, sang giai doan 2, dng phan ung duoc
gia nhiét @& khir hdp phu VOCs va dong thoi oxi hoa xtc tac VOCs di bi
hap phu ¢ giai doan 1. Yéu diém cua loai reactor nay la khi nhiét ¢ chua
dat dén nhiét do oxi hoa phu hop cua chat xdc tac thi mot luong VOCs s&
thoat ra, chua kip chuyén héa xuc tac. Dan dén, hiéu qua xtr 1y chua cao. San

pham phan tng van con chia VOCs.
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M6 hinh éng phan ang (b) 1am viéc theo nguyén tic tuong ty nhung da
han ché yéu diém cua reactor (a) bai vi 10 da dugc gia nhiét dén nhiét do cua
phan ung oxi hoa ngay tir giai doan 1, sau d6, 10 gia nhiét duoc ha dan tir dinh
dén day 16p vat lieu hap phu/xuc tac sau khi 16p vat liéu da dugc hap phu béo
hoa VOCs. Khi 4y, toan bo VOCs s& duoc oxi héa hoan toan.

Nhu vay:

- Pay l1a mét ki thuat méi vira tan dung kha nang hap phu va kha nang oxi
hoa triét dé cac hop chat VOCs cua vat lieu hap phu/xuac tac dé xir Iy hiéu qua
VOCs trong dong khi thai thuc té.

- Str dung k¥ thuat nay s€ lam giam duoc gia thanh xr ly do nhiét d6 xur ly
khéng cao, co thé str dung chat xuc tac co gia thanh thap va thiét ké thich hop
vat liéu chira ddng thoi hai chirc ning hap phu va xdc tac.

1.2.4. V4t ligu hédp phu than hoat tinh

Than hoat tinh 1a vat liéu hap phu duoc st dung rong rai trong linh
vuc hap phu va xdc tac ang dung trong xur Iy moéi truong [19, 36, 48 - 51,
87, 88, 90].

Than hoat tinh ¢ bé mit riéng I6n tir 500 + 2500 m?/g, ¢6 ciu tric mao
quan da dang (nhiéu loai mao quan: vi mao quan, mao quan trung binh va mao
quan I6n) nhung chiém chu yéu 1a cac vi mao quan c6 duong kinh <2 nm.

* Cdu tric mao qudn

Than hoat tinh c6 cu tric mao quan kha phat trién. Cu tric mao quan
nay duoc tao ra trong qua trinh than hda va tiép tuc dugc phat trién trong qué
trinh hoat hda, khi 1am sach nhua duong va cac chat chira cacbon khéac trong
khoang trong gitra cAc mao quan. Qua trinh hoat hoa lam ting thé tich va lam
rong duong kinh mao quan. Cau tric mao quan va sy phan bé mao quan cua
than hoat tinh duoc quyét dinh chu yéu tir ban chat nguyén liéu ban dau va

phuong phap than héa. Qua trinh hoat hoa thuong lam phat trién cau tric vi
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mao quan dudi tac dong cua cac tdc nhan hoat hda. Trong qua trinh hoat hoa
cling c6 su Mé rong cac vi mao quan dé tao thanh cac mao quan lén nho su
d6t chay cac vach ngan giita cAc mao quan canh nhau. Theo Dubinin va
Zaveriav [19], than hoat tinh vi mao quan duoc tao ra khi mac d6 dét chay
(than hoa) nho hon 50% va than hoat tinh mao quan 16n duoc tao ra khi muc
d6 ddt chay 16n hon 75%. Khi mtrc d6 dbt chay trong khoang 50 - 75%, san
pham than thu dwoc s& chira mao quan véi do rong mao quan bién d6i trong
khoang rong tir vi mao quan dén mao quan 16n.

* C4u trdc héa hoc bé mat

Ngoai cau tric mao quan, than hoat tinh c6 thém cau tric hoa hoc bé
mat. Cau trac hoa hoc bé mat cua than hoat tinh duoc hinh thanh do cac di
nguyén té nhu: oxy, nito, ...chua duoc loai bo hét trong qua trinh cacbon hoa,
s& lién két hoa hoc véi cac nguyén tir cachbon tu do trén cic mang cau trdc
vong dé hinh thanh céc phic (nhém chiic) bé mat cacbon - oxy, cacbon-
hydro, cacbon — nito,...

Phuc carbon - oxy bé mit 14 nhdm phuac quan trong nhat, anh huong dén
cac tinh chat bé mat nhu d6 phan cyc, tinh chat ki nuéc va céc tinh chat ha
Iy nhu tinh chat xUc tac, tinh chat hap phy, tinh chat dién... Phic nay khong
duoc coi 1a dang hop chat hitu co do chung thé hién tinh chat khac nhau trong
cac moi truong khac nhau. Phuc cacbon - oxy bé mit bao gdm cac nhém
cacboxyl, cacbonyl, phenol, quinon, lacton (hinh 1.3).

Tinh chat ki nudc cua than hoat tinh bi anh hudéng béi cac nhdm chic bé
mat. Tinh ki nuéc s& giam khi 6 mat cac nhém chie ua nudc va cac hop chat
cta kim loai. Bén canh dé, sy c6 mit cua cac nhdm chirc ciing anh huong dén

kha ning khuéch tan ctia cac phan tir trong mao quan.
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H
0. OH |
(\% I |
Carboxyl Quinone Hydroxyl
Carbonyl Carboxylic anhyride Lactone

Hinh 1.3. Phuzc cacbon - oxy bé mdt cua than hoat tinh

* Ung dung cua than hogt tinh

Trong linh vuc Xxir ly moéi treong nudc, than hoat tinh dugc xem nhu 1a
chat hap phu tt nhat d6i véi qué trinh xt ly chat 6 nhidm nhu: cic ion kim
loai ning, cac khi doc (CO,, NO,, SO, H,S) va hop chat hitu co vong thom dé
bay hoi benzene, toluene, xylene,... 1a nhitng chat 6 nhiém rat phé bién trong
khong khi va nudc thai cong nghiép.

Qua trinh hap phu cac khi doc trén than hoat tinh phu thudc vao dién tich
bé mat riéng, ndng d6 cac nhém chic bé mat va sy dinh huéng khong gian
ctia cac phan tir bi hap phu, dic biét 1a cac phan tir chat hitu co. Dién tich bé
mat riéng Ion s& 1am tang kha ning hap phu. TUy thudc vao ban chit caa phan
tir bi hip phu ma ban chat cia nhdm chtc bé mit trén than hoat tinh tao thuan
loi hay ngan can qua trinh hap phu. Phan tr hitu co ¢o cau tric khdng gian
don gian s& tao thuan lgi cho qué trinh hap phu.

Than hoat tinh tim céc kim loai qui (Pt, Pd, Au...) [11, 23, 50, 87, 88,
90] va céc oxit kim loai chuyén tiép (oxit cuia Cu, Co, Mn, Fe, Ni...) [12, 36],
cling dugc xem 14 chat x(c tac hiéu qua cho qué trinh oxi hda hoan toan cac
khi doc VOCs.
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1.3. Mt s6 kién thire co sé vé hap phu va xic tic lién quan dén luan an

Trong luan &n ndy, c4c van dé nhiét dong hoc va dong hoc cac qua trinh
hap phu (khi - ran); dong hda hoc cac qué trinh xuc tac di thé, ki thuat hap
phu dong duogc sir dung dé dé xuit cac y tuong nghién ciru, bién luan va thao
luan cac két qua nhan dugc. Do d6, mot sb kién thie co s lién quan s& duoc
nhac lai dé viéc theo di va suy xét vé hoc thuat dugc thuan tién hon.

1.3.1. Hdp phu

(i) Hdp phu [6] 1a qua trinh gia ting luong (ndng d6) chat trén pha bé
mit o Vi ndng d6 chat do6 trong pha thé tich.

Chat bi thu hat vao pha bé mit dugc goi 1a chat bi hap phu. Chat c6 pha
bé mat thu hat chat bi hap phu duoc goi la chat hap phu. Sy hap phu xay ra do
cac lyc tuong tac yéu van der waals dugc goi 1a hap phu vat Iy (HPVL) con
su hap phu xay ra do lién két hoa hoc duoc goi 1a hap phu héa hoc (HPHH).
HPVL va HPHH dong vai tro quan trong trong céng nghé hoa hoc va xu ly
moi trudong tach (loai), phan riéng, 1am sach,... cac hdn hop chat khi (hoic
long), dac biét, HPHH 14 mot giai doan tién quyét trong cac phan tng x(c tac
di thé.

(ii) Lwong chat bi hdap phu (g) va nhiét hdp phu AHy,

Luong chat bi hap phu ¢ trén mot don vi khéi lugng chat hap phu tai mét
nhiét do da cho (T = const), duoc goi 1a dung lwong hap phu.

M&i quan hé giira dung luong hap phu (q) va ap suat (P;) hoic néng do (C)
cua chat bi hap phu tai T = const duoc goi 1a dudng dang nhiét hap phu:

g = f(P; hoac C;), T = const

Tuy thudc vao ban chit cua chat hap phu, chat bi hdp phu va diéu kién
hip phu ma dung luong hap phu q dugc biéu dién boi nhimg dudng dang
nhiét hap phu khac nhau. Vi chat hap phu c6 bé mit ¢éng nhat (hinh hoc va
ning lugng) va dbi vaoi cac phan tng xdc tac di thé thi ding nhiét hap phu

Langmuir duoc tng dung rong réi va thich hop nhat:
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. K.P

0, = qqax Lk (1.1)

Biéu thirc (1.1) 12 phuong trinh dang nhiét Langmuir

Trong do,

0. - B6 hdp phu cia chdt bi hap phy i

Oi: Dung lrong hdp phu iing véi nong dg can bang cia chdt bi hap phu i

Omax. Dung lwong hdp phu cuc dai, ing véi 16p hap phu don 16p (don
phan tiz cia chat i trén chat hdp phu da cho)

Pi: Ap sudt riéng phan ¢ trang thai can bang cua chdt i.

Ki: Hang sé can bang cia qud trinh hap phu

Pai luong K; ddc trung cho “Iyc” hap phu cua cac tam hap phu

va K, =e R
Vi AG°® = AH° — T.AS°
AS)  —AH?
Nén K, =eR g~rT (1.2)

Céc gia tri AG?, AS’, AH’ 1a cac dai lwong bién thién thé dang ap, bién

thién entropy va bién thién enthanpy (nhiét hap phu) tai trang thai can bang

hap phu.
Néu dat K =e® (L3)
Thi: K, =K,e (1.4)

Su phy thudc caa dung luong hap phu vao nhiét d6 o diéu kién 4p suat
khéng ddi (P = const) dugc dién ta boi phuong trinh dang 4p hap phu [38]:

—AH?

q, =ke " (1.5)
Voi  klahé sb.

Tir (1.4) va (1.5) c6 thé xac dinh thuc nghiém dugc AH,, cua cac tam

bang cach xac dinh K; hoic g; & cac nhiét do khac nhau.
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1.3.2. Hép phu dgng

Trong luan &n nay, ky thuat hap phu dong va phan tng xuc tac di thé trong
dong dugc sir dung dé khao sat cac qua trinh hap phu VOCs (meta-xylene) trén
than hoat tinh va phan tng oxi héa VOCs bai oxy khong khi trén bé mit chat
xuc tic MeO,/AC (than hoat tinh tim oxit kim loai chuyén tiép).

(i). Hap phu déng [29]

Hap phu dong 1a ky thuat thuong dugc s dung dé xir Iy cac chét 6

A

nhiém trong moi trudng nudc va khi bang mot “cot” (thap, reactor) chira 16p
hap phu cb dinh (16p hip phu dém).

Hé hap phu dong duoc mo ta nhu & hinh 1.4,

|
C5 «
O 7 7 7. T » / ’ ’
S S A OABDO: Cot hap phu chtra chat hip phu
ar / . |. A’ dang hat trong 16p c6 dinh OAA'C'O: phan
e ll" hap phu bdo hoa cua cot
/ * s ’ ’ 1 3\ 4 \
e te C A EC : phan (miém) hap phu can bang
l DF— : ': B ABDE: phan chua bj hap phu

Hinh 1.4. Mo ta mot hé hdp phu dong

Hé hap phu dong gom mét cot hap phu dém OABDO va mét dong khi F
chtra khi mang 1 va chat 6 nhiém (chat bi hap phu P) véi nong d6 ban dau C,.
Dong khi F dugc théi qua cot OABDO theo hudng truc (nho &p luc). Bé
thuan tién, mot db thi Ox - Oy duoc thiét 1ap, Ox biéu thi ndong do chat 6

nhiém P, Oy biéu dién chiéu dai doc truc cot hap phu. Luu ¥ rang, chat hap
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phu duoc chon ¢6 &i luc hap phu rat [on d6i véi P va khdng hap phu khi mang
I. Do d6, khi dong khi F qua cét, P lap tic bi giir lai trén cac tdm hap phu tao
ra mot mién hap phu bao hoa (OAA C O) va mét can bang hap phu dong duoc
thiét 1ap, tao ra mot “mién hap phu chua can bang” C AEC . Trong mién hap
phu chua can bang, cac phan tir P nam can biang gitta pha khi va pha bi hap
phu. Do dai CE duogc goi 1a d6 rong cua “mién hap phu chua can bang”. o
dai CE phu thudc vao ban chat caa hé hap phu va diéu kién tién hanh hap
phu. Ching han, chat hip phu manh thi C'E ngan va nguoc lai, khi U nho thi
C’E ngan va nguoc lai, ...

Nhiéu khi, nguoi ta con goi CE 1a do dai “lam viéc” hodc do dai chét.
Bai vi, CE cang dai thi hiéu qua xir 1y (hdp phu) chat P s& cang thap (xem
tiép phan duong cong thoat/breakthrough curves).

(ii) Puong cong thoat [29]

Puong cong thoat 1a md hinh miéu ta qua trinh hap phu dong xay ra
trong cot vat liéu hap phu.

Puong cong thoat duoc xay dung tir mdi quan hé gitta ndng do chat bj
hap phu (VOCs) thoat ra khoi cot hap phu theo thoi gian.

MO0 hinh cua duong cong thoat duoc trinh bay trong hinh 1.5.

e Phan trén cua hinh 1.5 biéu dién trang thai caa cot hap phu, phan “gach
ddu nhan” ki hiéu ving da duoc hap phu bdo hda, phan “gach chéo” 1a “mién
hap phu chua can bang” va “ phan trang” 1a viing chua xay ra hap phu.

e Phia duéi cua hinh 1.5 1a miéu ta méi quan hé giira ndng d6 chat bi
hap phu (VOCs) thoat ra khai cot hap phu theo thoi gian.

- Tai thoi diém t,, ndng d6 chat bi hap phu (VOCs) thoat ra sau cot hap
phu hau nhu bang khéng, C = 0, cot hap phu bdo hoa véi mot 16p day Z,

ddng thoi ton tai mot “miém hap phu chua can bang - s”.
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x x x > x x x x>
Zl x x x = =
x X x xxx

Zz— Bal

s/ < X x
S x x
’ Z X x

Zs/xx

Co

0,5C,

0 ty t, t, B t Thoigian —»

Hinh 1.5. So dé dwong cong thodt ciia qud trinh hdp phu dong

- Tuong ty, tai thoi diém t,, ndng do chat bi hap phu thoat ra sau cot
hap phu hau nhu van bang khéng, C = 0, cot hap phu bdo hoa vai mét 16p
day Z,(Z.< Z,).

- Tai thoi diém t,, bat dau xuat hién ndng d6 caa chat bi hap phu sau khi
qua cot hap phu, nong do chat bi hip phu (VOCs) thoat ra sau cot hap phu
khac khong, C = 0 (ti 1€ C /Cy = 0,05). Thoi gian t, chinh la thoi gian ma tai
d6 vung hap phu bao hoa da tién gan cudi cot hap phu, cac phan tir bi hap phu
trén bé mat ran nam can bang véi cac phan tu trong pha khi bat dau thoat ra
khoi cot hap phu.

Tur thoi diém 0 dén t,, dudng cong thoat 1a mot doan thing (twong tng
trén hinh 1.51a doan OB).

- Néu tiép tuc tang thoi gian hap phu dén thoi gian t thi sy hdp phu dat
dén d6 ban bdo hoa. Tai thoi gian nay, ti 18 C/C, = 0,5 va cac phan tir bi hap

phu trén bé mat rin nam can bang véi cac phan tir trong pha khi van tiép tuc
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duoc thoét ra khoi cot hap phu

- Cubi cung, dén thoi gian “t7” nao d6 thi ti 1& C/C,~ 1,0 va cot hap phu
da hap phu bao hoa hoan toan chit bi hap phu va cac phan tir bi hap phu trén
bé mat ran nam can bang voi cac phan tir trong pha khi ciling duoc thoét ra
hoan toan khoi cot hap phu. Khi iy, duong cong thoat 13 mot doan thang nam
song song vai truc hoanh.

Tir thoi diém t, dén thoi gian “t7”, duong cong thoat tao thanh mot duong
cong hinh chit S (tvong @ng trén hinh 1.5 1 doan BC D).

(iii) Dung lwong hap phu:

Dung lugng chat bi hap phu dugc xac dinh dwa vao biéu thuc (1.6)

o0

a, = W.[(C, -C)dt (1.6)

>
Trong do,
W: luu lwong thé tich dong khi (m*/, L/h...)
Co: Nong do chdt bj hap phu ban dau trréc khi qua cét hdp phu
C: néng dg chat bi hap phyu sau khi qua cét hdp phu (ppm)
ty: thoi gian thoat ung véi C /C, = 0,05 (phut, h).

o0

Vé toan hoc, tich phan j(Co—C )dt chinh bang dién tich caa hinh

0
OBDCO (ki hiéu 1a S). Do d6, lugng chat bi hap phu bdo hoa cé thé dugc tinh
theo biéu thirc (1.7):

W. S

a =——x10° (mmol 1.7
“60. 22.4.10° (mmol) (1.7)

Néu tinh cho 1,0 g vat liéu hap phu thi luong chat bi hap phu c6 thé dugc
tinh theo biéu thuc (1.8):

W.S
= mmol/ 1.8
" 60.22.4. m. 1000 ( 9) (1.8)
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Trong do, m - s6 gam vat liéu hap phu da ding (2)
60 - qui doi 1gio = 60 phut
22.4 - thé tich ¢ dieu ki¢n chuan 25°C.

Néu str dung ki thuat hdp phu dong dé xa ly chat 6 nhidm P (vi du
VOCs) thi dén thoi diém t, (hinh 1.5), qué trinh hap phu phai ding lai, tai do,
cot hap phu hiéu dung da bao hoa. Sau d6, cot hap phu s& duoc hoan nguyén
boi cac tac nhan oxi hda (dong oxy (O,), hodc khdng khi) bang ky thuat
chuyén hda xdc tac trong dong.

1.3.3. Péng hoc cac phan #ng xdc tac di thé
Déi véi phan ang xdc tac di thé khi ran, vi du:
Aw * Boy—m C (1.9)
Trong d6, AgyVa Bg: hai chdt phan ing A va B ¢ trang thai khi (hoi)
XTR: chdt x{c tac ren
C(K): céc san pham & dang khi (hoi)
k : hang sé toc dg cua phan ing

Theo thuyét Langmuir - Hinshelwood, chat Ay, By duoc hip phu
trén cac tam cua chat XTR. Sau do, cac phic hap phu twong tic véi nhau
tao thanh san pham (C) & trang thai phac hap phu va sau d6 dugc khir hap
phu vao pha khi.

Tbc @6 phan tng (1.9) duge xac dinh nhu sau [80]:

I =K.0,09-05x

Trong 6, 6 duoc xac dinh theo phuong trinh dang nhiét Langmuir.
- Néu A, B hap phu trén cing mét loai tdm hap phu canh tranh thi
— KA'PA
" 14K, P+ K P,

~ K,.P,
° 1+K, P, +K_P,
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Trong 46,  0a, 0g: lan luot 1a &6 hap phu cua chat A va chat B
Ka, Kg: Hang s6 hap phu caa chat A va chat B
Khi d6, phuong trinh toc d6 s& c6 dang:

r =k KopKePo Py > (1.10)
(1+K,.P, +5.P)

- Néu A, B hap phu trén 2 tam khéc nhau thi:

_ KA'I:)A
14K, P,
_ I<B'I:)B
° 14K, P,

Khi d6, phuong trinh tc d6 s& c6 dang:

K K,.K,.P, P, (1.11)
"1+ K, P)(A+K,P,) '

- Nhiéu khi, 1 trong 2 chat A va B khong bi hdp phu ma chi c6 mét chat
bi hap phu, mot chat khac van ¢ trang thai khi. Sy tuong tac gitra A va B
trong trudng hop nady tuan theo co ché Eley - Rideal [80].
1.3.4. Co ché phdn iing oxi hoa VOCs béi tac nhan oxy

Mic du qué trinh oxi héa cac hop chit VOCs da duoc nghién ciu kha
nhiéu nhung rat kho dé dua ra mdi quan hé chung va co ché phan ¢ng chung
do tinh chét caa chat 6 nhidm va diéu kién phan ¢ng la khac nhau.

O nhiét do phu hop, phan @ng oxi hda cac hop chat VOCs chu yéu tao ra
CO, va H,0 theo so db phan &ng:

CxHy + (x + 1/4y) O, — x CO, + y/2 H,0O

Vé Iy thuyét, khi qua trinh oxi hoa xc tac cua VOCs xay ra, cac phan tir
oxy c6 ba kha ning tuong tac: (i), qua trinh phan ly hydro tir cac hop chat
VOCs ¢ trang thai hap phu tao ra goc tu do caa VOCs; (ii), qué trinh hinh
thanh dang oxy hoat dong (Oan, hodc Oyyy’) va sau do, oxy hoat dong méi
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tn cong céc phan tir VOCs va (iii), qué trinh hinh thanh oxy mang lugi (0%)
va yéu ciu 4 electron dé hoan nguyeén lai chat xtc tac [28].

Theo ly thuyét xtic tic, c6 ba md hinh thuong dugc dung dé mé ta co ché
ctia mot qué trinh xdc tac di thé, d6 1a: moé hinh Mars-van Krevelen (MVK),
mo hinh Langmuir Hinshelwood (L-H) va mo hinh Eley-Rideal (E-R).

+ M0 hinh Mars-van Krevelen:

Theo mé hinh nay, oxi trong mang luéi xUc tac, chi khong phai 1a oxi pha
khi, tham gia vao qua trinh chuyén héa chat phan ung. Qua trinh oxi hoa
VOCs xay ra theo hai giai doan nhu dugc chi ra trén hinh 1. 6.

€O, HO

& 7
(O Gtepdn €O T HO

\ / (Step-1)

(Step-111)

Hinh 1.6. So d6 oxi héa benzene trén xiic tdc CuO- Ce/MnO [58]

O giai doan dau: VOCs hap phu s& phan Gng véi cac nguyén tir oxy
trong mang ludi cua chat xic tac (vi du MnO). Khi do, chat xdc tac oxit kim
loai ton tai & trang thai khir. Trong giai doan 2, oxit kim loai & trang thai khir
s€ dugc oxi hoa tré lai bai oxy phén tir trong dong khi [84].

O trang thai dung, téc do cua qua trinh oxi héa va qua trinh khtr can
bang nhau. Theo co ché Mars-van Krevelen, toc do cua qua trinh oxi hoa
duogc biéu thi bai cong thire (1.12) [92].

r _ l(oz'l<vo(_‘,'F)VOC'F)O2 (1.12)

VvOoC
'Y.k VOC'PVOC + k02 'POZ

Trong d6, rvoc: téc d6 phan ung (mol.m®.s™), Pyoc: 4p suét riéng phan

ciia VOC, Po,: &p suat riéng phan cua oxy, kvoc: hang sé tc dé caa phan tng
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oxi hda VOC, ko: hang sé tdc d6 cua qua trinh tai oxi hda chat xuc tac, y: hé
s6 hinh hoc caa oxy trong phan tng oxi hoa.

+ M6 hinh Langmuir-Hinshelwood (L-H) :

Theo mé hinh nay, phan ang xay ra gitta VOC hap phu va oxy hap phu.
VOCs va phan tir oxy c6 thé hap phu trén cing mot tam (md hinh L-H mot
tdm) hozc hap phu trén hai tam khac nhau (mé hinh L-H hai tam). Téc do
phan tng oxi hda VOC theo mé hinh nay dwoc biéu dién bai cong thire (1.13)
(d6i voi mo hinh L-H mot tam) va cong thac (1.14) (d6i véi md hinh L-H
hai tam) [92]:

r _ k‘KOZ'KVOC'PVOC‘POZ
voc 2
(l+ K VOC'PVOC + KOZ'POZ)

(1.13)

k'KOZ 'KVOC 'PVOC 'POZ

r,. . = (1.14)
VO A+ K oe-Poc) + A+ K, P)

Trong d6, Koy: hang s6 hap phu can bang cua oxy, Kvoc: hang sé hap
phu c&n bang cua VOC. Piéu thuan loi cia mé hinh nay la né khong chi quan
tam dén téc d6 phan tmg ma con quan tim dén su hap phu cia VOCS va oxy.

+ Theo co ché Eley - Rideal (E - R):

Theo mé hinh ndy, phan &ng xay ra gitta oxy ¢ pha khi véi cac chit tham

gia phan &ng ¢ dang hap phu. Giai doan quyét dinh phan ung 1a phan tng
giita phan tir bi hap phu véi mot phan tir pha khi [23]. Phuong trinh dong hoc
thé hién nhu sau:

K Kyoe-Pooc-P
foc = pos —oe—e2 (1.15)

vOoC

Tuy nhién, trén thuc té, cac phan tng dién ra thuong khong tuan theo
triét dé mot co ché nao.

Tac gia Spivey [82] da miéu ta qua trinh oxi hdéa VOCs bai oxy trén hai
tiép can: sy tiép can theo qui luat ham mii don gian va su tiép can theo dong

hoc phirc tap. Hai su tiép can nay s& cung cap cac kién thirc vé co ché phan
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ing. Theo su tiép can vé qui luat dong hoc ham mii don gian, toc do phan tng
oxi hoa 1a mot ham phu thudc hang sb téc do cua phan tng va nong do6 cua
cac chat phan ung. Vi du, phan tng oxi héa C,Hg vai O, tao thanh CO, va
H,O duoc nghién ctu bai Fogler [33]. Phuong trinh tbc d6 cua phan ung
duoc biéu dién:

r=K.Cl,6-Coy (1.16)

Trong nhiéu phan ng, ndng d6 cua oxy rat 16n (do dung du), do d6 ndng
d6 cua oxy duy tri khong d6i va toc do phan tng khéng phu thudc nong do
ctia oxy chi phu thudc vao nong do cua C,He.

Mic du duoc don gian hda vé mat toan hoc va cé nhiing tién ich trong
cac thiét ké céac 10 phan ung trong cong nghiép nhung mé hinh dong hoc ham
mii don gian chua duoc hiéu thdu dao vé co ché phan ang. Nhiéu mé hinh
phtrc tap dua trén cac giai doan co ban caa phan ung ciing da dugc dé xuat dé
hiéu sau sic hon vé qua trinh oxi hda xtc tac VOCs. Vi du, qué trinh oxi hoa
styrene boi tac nhan oxi hda oxy str dung chat xdc tac oxit caa hdn hop Mn-
Fe duoc nghién ctu boi Tseng va Chu [77]. Nhom tac gia da dé xuat rang
phan tir oxy va styrene hap phu trén bé mat chat xuc tac & 200°C hinh thanh
cac phtc hap phu trung gian, sau d6 cac phirc hap phu trung gian nay tuong
t4c v6i nhau dé hinh thanh san pham phan tng CO, va nuéc (md hinh nay
tuan theo co ché Langmuir - Hinshelwood):

CgHg + () — (CgHg)np
Oz + () = (O2np
(CsHg)np + (O2)np — CO, + H,O

Trong d6, () 1a cac tam hap phu cua chat x(c tac, (CgHsg)np Va (O)np la
phtrc hap phu trung gian cua styrene va oxy.

Dua trén co ché duoc dé xuat ¢ trén, phuong trinh téc d6 cua phan (ng

nay duoc tim ra la:
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K..K,.P..P, 117

I =
1+ K,.P, +K.P,)’

Mt khac, trong co ché dugc dé xuat boi Chang [27], oxy s& phan {ng
Véi céc hop chat cua VOCs théng qua su tuong tac phan ly cta phan tir oxy.
Nhom tac gia nay da danh gia phan tng oxi hoa hoan toan toluene béi oxy
trén xuc tac perovskite va dé xuat rang oxy sau khi hap phu trén céc tam xdc
tac s€ bi phan ly thanh oxy nguyén tir. Sau do, cac nguyén tur oxy s€ phan tng
véi VOCs (toluene) hap phu dé hinh thanh san pham phan tng. Dya trén co
ché phan ly nay, phuong trinh toc do phan tng di duoc dé xuat Ia:

_ KePL(Kg Ry
2 2
A+ (Ky.P)"? + K, .P)

(1.18)

Golodets [39] ciing da dé xuat mot co ché khac dua theo mé hinh cua
Eley-Rideal cho qua trinh oxi héa VOCs (methane) baéi tac nhan oxi hoa oxy.
Trong nghién ciru ndy, Golodets da cho rang phan tir oxy hap phu trén chat
xUc tac va phan ng truc tiép véi methane pha khi (co ché nay ciing dugc dé
Xuit boi Spivey [82]) nhu sau:

Oz + () = (O2)np
(O2)np + () =2 (O)np
CHy + (O)np — (CHa)np + H0
(CH2)np + (O)pp — (CH20)np
(CH2O)np + (O)py — (HCOOH)p,
(HCOOH)p, + (O)np — CO, + H,0 + ()
Khi ay, phwong trinh tc d6 c6 dang nhu sau:

. Ky-Ko-Ps-Py (1.19)
Ko-P, +Ky-Py

Trong d6, ko, Ky 12 hing sb téc d6 cua qué trinh khir oxy va phan ang

oxi hoa methane.
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Bang 1.1 trinh bay mé hinh dong hoc cua qué trinh oxi héa mot sé6 VOCs
duogc dé xuat bai cac nha nghién ctu.

Tu nhitng thao luan & trén chi ra rang co ché cua qua trinh oxi hoa
VOCs phu thudc chu yéu vao ban chat caa VOCs va dic tinh cua chat xuc
tac. Do d6, su hiéu biét vé dic tinh xdc tac 1a yéu td rat quan trong dé xac
dinh co ché cua phan @ng va phat trién mé hinh dong hoc tai hién qué trinh
phan huy VOCs.

Bang 1.1. M6 hinh déng hoc ciia qud trinh oxi héa mét s6 VOCs dién hinh

VOCs Chdt x(c tac Mb hinh Tacgia
tham khao
Formaldehyde | CuO/MnO, Langmuir - | Peietal., [70]
Hinshelwood
Benzene Pt/y-Al,0O5 Mars-van Ordofiez et al.,
Krevelen [65]
Benzene Pt,Ni/y-Al,03 Mars-van Gangwal et al.,
Krevelen [35]
toluene Pt/Al,O4 Mars-van Ordoriez et al.[65]
Krevelen
Toluene Pd/activated- C Langmuir - | Bediaetal., [22]
Hinshelwood
Toluene Cu;5Mn; 504 Mars-van Behar et al., [24]
Krevelen
n-hexane Pt/Al,O3 Mars-van Radic et al., [72]
Krevelen
Acetone Cuo.13Ce0570y Langmuir- Hu, [46]
Hinshelwood

1.4. Tinh hinh xir ly meta-xylene va dong phan cia xylene & Viét nam.

O trong nuéc, nhitng nghién cau xt Iy meta-xylene va cac doéng phan
ctia né chua thuc sy nhiéu. Chat xtc tac duoc nghién ciu chu yéu 1 xdc tac
hon hop oxit, pervoskite, xic tac NdVO., A* (A = Gd, Bi), xic tac
YVO,RE* (RE = Pr, Nd, Sm) va vét liéu mao quan trung binh SBA-15.
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Xtc tac trén co s¢ oxit kim loai chuyén tiép va than hoat tinh chua dugc
nghién ctu nhiéu.

Vi du, tc gia Pham Thanh Huyén [4] da tién hanh nghién ctu tong hop
xUc tac pervoskite Lag;SrosMnO; cho phan tng oxi hoa meta-xylene. Két
qua cho thay, & nhiét do 200°C, xdc tac Lag7SresMnOs chuyén hoéa duoc
35% meta-xylene va khi nhiét do ting dén 350°C thi 90% meta-xylene da
duoc chuyén hoa trong diéu kién thuc nghiém 0,1g xUc tac, meta-xylene
nong d6 2164 ppm.

Tac gia Nguyén Thi Vuong Hoan [3] di cong bd rang xuc tac Fe-
SBA-15 va Cu-SBA-15 di chuyén hoa duoc 80 - 90% meta-xylene
trong khoang nhiét do6 250 - 300°C trong diéu kién thuc nghiém 0,1g
x(c tac, meta-xylene ndong d¢d 2000ppm.

Nhém tac gia Luu Cam Loc [7, 8] cling nghién ciru qué trinh oxi hoa
sau CO va para-xylene trén hé xuc tac 0,1Pt10CrCe(TT)600 va
0,1Pt7,5Cu20Cr-Ce(PT)600. Két qua cho thay, nhiét do chuyén hoa 50%
CO va 50% para-xylene riéng ré 1a 175°C va 250°C trén chat xdc tac
0,1Pt10CrCe(TT)600. Mat khac, nhiét d6 chuyén hda 50% CO va 50% para-
xylene riéng r& trén chat xuc tac 0,1Pt7,5Cu20Cr-Ce(PT)600 la 225°C va
280°C. Khi nghién ctru vé sy anh huang cia chat mang dén qué trinh oxi hoa
sau para-xylene trén hé xuc tac nay, két qua cho thay Al,O; la chat mang
phl hop nhat va phan tng oxi hoa sau para-xylene bat dau tir 200°C nhung
d6 chuyén hoa co thé tang dén 100% & 300°C véi diéu kién thuc nghiém
nong d6 phan mol cua para-xylene 1a 0,34%, oxy la 10,5%, luu luong dong
khi 12,0 L/h, khéi luong xc tac: 0,2 g.

Cong trinh duoc céng bd bai tac gia Nguyén Van Hai [ 2] cho thay trén
xuc tac NdVO,A® (A = Gd, Bi), 90% meta-xylene noéng d6 2240 ppm da
chuyén hda & 400°C trong diéu kién phan tmg 0,2 g xtc tac, luu lugng dong khi
W=20L/h .
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Nhu vay, cac két qua nghién cau [2 - 4] cho thay trén nhitng xuc tac nay
nhiét do chuyén héa 100% meta-xylene van con khé cao (300 - 400°C) vi thé
kha ning tng dung thuc té con han ché.

Két hop céc két qua nghién cau trén thé gioi va dic biét trong nudc cho
thdy chua cé tac gia ndo nghién ctiu sir dung than hoat tinh chaa oxit kim loai
chuyén tiép (dic biét coban oxit) cho qué trinh oxi hoa x(c tac meta-xylene &
nhiét d6 thip <200°C. Do vay, su lya chon vat liéu than hoat tinh Tra Bic chira
coban oxit dé ché tao thanh cong vat liéu ludng chirc ning hap phu/xtc tac déng
thoi két hop ki thuat hap phu/xic tac phi hop tao ra hiéu qua cao trong xir Iy
meta-xylene 1a diém méi caa luan &n va cé tinh kha thi cao.

Tém lwoc ndi dung nghién ciru tdng quan va nhiém vu nghién ciu

Nghién ciru tong quan di dua ra nhitng van dé xoay quanh cac noi dung
nghién cau caa luan an. Cac phan tich cho thay, c6 nhiéu phuong phéap dé xir
ly VOCs nhung hai phuong phap phd bién va hiéu qua nhat 1a hap phu va oxi
hoa xuc tac. Tuy nhién, mdi phuong phap déu c6 nhimng wu thé va han ché
riéng, y tuang két hop hai qué trinh 1am maot dé nang cao tbi da hiéu qua xir ly
ngudn 6 nhiém s& dwa chi yéu vao viéc lua chon va phuong thirc ché tao vat
liéu nhu thé nao?.

Linh hdn cia qué trinh oxi hda xdc tac 1a chat xdc tac. Xdc tac cho qué
trinh oxi hda VOCs chii yéu tap trung vao hai hé xtc tac trén co s& kim loai
qui va kim loai chuyén tiép. Kim loai qui c6 hoat tinh cao, hiéu suat tot nhung
it chiu ngo doc va gia thanh lai dit bai vay hiéu qua tng dung thuc té khong
cao. Kim loai chuyén tiép, nguoc lai chi thé hién hoat tinh tét & nhiét do cao,
nhung lai ¢6 wu diém 1 chiu ngd doc tét va gia thanh khong cao. Nhw vdy cau
héi cho viéc ché tao xiic tdc trén co sé kim logi chuyén tiép thé hién hogt tinh
cao ¢ nhiét dé thdp van con dang bé ngé.

Hiéu suat cua mot qué trinh héa hoc ngoai chat xdc tac con phu thuoc

rat nhiéu vao ky thuat tién hanh phan tng. Lwa chon mot phuong thirc thuc
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hién phan Gmg dung gbp phan khong nho vao su thanh cong ciia muc dich.
Trong xur ly cac chat & nhiém VOCs viéc két hop vat liéu ché tao va ky
thuat thuc hién sao cho c6 thé xu 1y triét ¢é ngudn 6 nhidm & nhiét d6 thap
co gia thanh ré, kha thi vé kinh té di va van con dang la mét thach thac cho
cac nha khoa hoc.

Tir cac phan tich trén, hudng nghién cuu cua luan an “Nghién cizu tinh
chdt hdp phu - x(c tac cia vt ligu lwéng chike ning trén co sé Coz0,/than
hogt tinh trong x& Iy meta-xylene” da dugc dat ra bao gom céac nhiém vu
chinh sau day:

1. Tong hop vat liéu chtra coban oxit trén chit mang than hoat tinh véi ba
ham luong Co khac nhau 3,0%, 5,0% va 9,0% vé khdi luong. Bang cac phuong
phap dic trung hoa 1y danh gia tinh chat bé mat cua cac vat liu tong hop duoc,
tir d6 lwa chon ham lwong coban thich hop nhat véi muc tiéu nghién cau cua
luan &n. Viéc lya chon than hoat tinh 1am chat mang dua trén ¥ tuéng ché tao
vt liéu c6 kha nang tich hop ca hai tinh chat hap phu va x(c tac.

2. Nghién ctu, danh gia vai trd coa chat mang than hoat tinh va oxit
coban trong qué trinh xir ly meta-xylene. Nghién ctu tinh chat hap phu meta-
xylene cua than hoat tinh va anh hudéng cua oxit coban c6 mat trén than hoat
tinh dén kha nang va dung lugng hap phu meta-xylene cua than.

3. Nghién ctru danh gia hiéu suit xa ly meta-xylene cua vat liéu
Co;0,/than hoat tinh bang hai ky thuat khac nhau: ki thuat tién hanh phan
rng mot giai doan va k¥ thuat hap phu/xuc tac hai giai doan.

4. Nghién ctu dong hoc va co ché cua qua trinh oxi héa meta-xylene
trén vat liéu Co/AC.

e Viéc lya chon meta-xylene lam d6i tuong nghién ctu dua trén nhiing

ly do sau:
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Trong nhém BTX, benzene 14 chat c6 doc tinh cao nhat nén hién nay
benzen hau nhu bi cAm sir dung. Meta-xylene va toluene 1a chat dugc st dung
kha phé bién trong san pham son, muc in, dung méi pha xing va thé hién doc
tinh cao ddi véi sic khoe con ngudi. So vai toluene, meta-xylene kho xt Iy
hon do cau tric héa hoc cua nd. Do d6, néu tim duoc diéu kién phu hop dé

xu ly meta-xylene thi toluene ciing c6 thé xir 1y dugc.
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CHUONG 2. THUC NGHIEM VA
CAC PHUONG PHAP NGHIEN CUU

2.1. Thuc nghiém
2.1.1. Héa chat

Hoa chat duoc sir dung trong luan an bao géom:

- Than hoat tinh Tra Bac dang hat voi kich thuée 0,65 - 1,00 mm, diéu
ché tir g4o dira va duoc cung cap boi céng ty Tra Vinh -Tra Béc.

- Dung dich mudi coban clorua néng do 0,2M duoc pha tir mudi ran
coban clorua CoCl,.6H,0 véi do tinh khiét 99,9%, xuat x& Trung Qudc.

- Chét 1ong meta-xylene vai do tinh khiét 99,9%, xuét x& Trung Qudc.
2.1.2. Tong hep vat liéu hdp phu/xic tac Co/AC

Vit liéu Co/AC dugc tong hop theo phuong phap tam nhiéu lan tir dung
dich mudi coban clorua nong do 0,2M va than hoat tinh Tra Bac. Cac giai doan
ctia qud trinh téng hop vat liéu Co/AC dugc tién hanh nhu sau

a. Giai doan chudn bj than

Than hoat tinh Tra Bic dang thwong pham duoc nghién nho vai kich
thuéc hat 0,65 - 1,00 mm va duoc rira bﬁng nudc cat nhiéu lan dén khi nudc
loc sau khi rira ¢c6 pH trung tinh. Sau d6 than dugc say khd & 100 - 110°C
trong 5 gid dé dudi hét nuéc hip phu bé mat (ki hiéu AC).

b. Giai doan tam than AC bang dung dich mugi coban clorua

Sau khi duoc say kho, than AC dugc tim mot lugng nhat dinh dung dich
mudi coban clorua nong dé 0,2M dé téng hop duogc vat liéu hap phu/xdc tac
Co/AC véi ham luong lan luot 12 3,0%; 5,0% va 9,0% Co. Qué trinh tim dién
ra nhiéu 1an (4 - 5 1an). Sau mdi lan tim, mau dugc say kho. Sau khi tam hét
lwgng mudi cobalt can dung, mau tiép tuc duoc siy khd ¢ 100 - 110°C qua
dém va tiép tuc duoc gia nhiét dén 250°C trong 3 - 4 gio dé dam bao mudi

cobalt d& bj phan hay; cudi cung dé ngudi va bao quan trong lo kin.
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Ki hiéu ctia cac mau téng hop dugc trinh bay trong bang 2.1.

Bang 2.1. Ki hiéu cac mau vat liéu di tong hop

TT Mau Ky hiéu
1 Than Tra Bic AC
2 Than AC tam 3,0% Co 3Co/AC
3 Than AC tam 5,0% Co 5Co/AC
4 Than AC tam 9,0% Co 9Co/AC

2.1.3. Hé thure nghiém nghién ciiu qud trinh hip phu/oxi héa meta-xylene.

Hap phu dong va qué trinh hap phu - oxi héa xic tdc meta-xylene s&
duoc nghién cau trén hé vi dong duoc xay dung qui mé phong thi nghiém.
M6 hinh dugc md ta theo hinh 2.1.

N hode/va

0,(KK)

"DKND

e

Hinh 2.1. So d6 hé thuc nghiém vi dong.
Theo md hinh nay, hé gdm 3 bo phan chinh, cong thém mét van 6 nga
diéu chinh dong khi phan tng va cac van diéu chinh luu luong dong.
Ba bo phan chinh:
- Binh 6n nhiét E chira chat bi hap phu.
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- Reactor M cht:a chat hap phu - xuc tac va duoc dat trong bo diéu khién
nhiét do.

- Heé sac ki khi | v6i detector FID dé phan tich nong do chat bi hap phu
(meta-xylene) truéc va sau khi hap phu (hoic hap phu - oxi hda). Nhiét do
lam viéc cua cot sic ki: 150°C, nhiét do cua detector 180 - 190°C.

Nguyén ly hoat dong:

* Hap phu dong: Khi mang 1a N, duoc dan qua binh suc khi E (dung meta-
xylene long & 0°C, Px = 1,69 mmHg tuwong Gng véi nong do ban dau
Co = 2223 ppm). Nho van sau nga G, chat mang N, cung hoi meta-xylene duoc
dan qua (hodc khéng qua) reactor M chua vat liéu hap phu/xac tac. Khi (hoi)
meta-xylene thodat ra khoi reactor M sau s& duoc dan qua thiét bi sac ki khi véi
detector FID dé xac dinh ham luong meta-xylene. Nhiét do caa reactor M dugc
diéu chinh bang bo diéu khién nhiét ¢ N tly theo myc dich nghién ctu.

* Oxi hoa meta-xylene: Thuc nghiém nay dugc thuc hién tuong tu nhu
hap phu dong, nhung khi mang N, duoc thay thé bang khong khi.

Piéu kign thuc nghigm:

Trén co s& di khao sat so bo vé cac diéu kién nhu: khoi lugng x1c tac, luvu

luong dong khi, diéu kién duoc lya chon cho nghién ciu trong luan an 1a:

- Reactor thach anh dang hinh dng c6 duong kinh: (I) =10 mm.

- Khéi luong vat liéu xuc tac: m =0,62g.
- Thé tich vat liéu Co/AC: V = 1,03 mL.
m 0,62 . .
(V =; =06 =1,03mL, s — 0,69 7 mI - 1a khoi leong riéng ciia AC)

- Luu luong dong khi (khdng khi + meta-xylene): W =2,0 L/h.
- Nhiét @6 phan ung:  t=180°C.
Nhu vay ¢6 thé x4c dinh toc do khong gian thé tich (VHSV) cua dong khi la:

luu lugng dong khi ~ 2000mL / h

VHSV = — - =
thé tich chat xuc tac 1,033mL

=1936,11 h™
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Va thoi gian luu (thoi gian tiép xdc) can thiét cua cac phan tir meta-
xylene trén 16p xuc tac dé thuc hién phan tng la:
1 1
© T VHSV | 193611

h =5,16.10" h=1,85 giay

2.2. Cac phwong phap hoa ly dic trung
2.2.1. Phwong phdp hdp phu - khiz hdp phu diang nhiét N,.

Tt duong dang nhiét hip phu - khir hap phu N, nguoi ta ¢6 thé xac dinh
dugc cac dac trung mao quan cling nhu di¢n tich bé mat riéng cua vat licu
nghién ctru.

Bé& mit riéng cua vat liéu duoc tinh toan trén co s& phuong trinh BET —
Bruner Emmit Teller [6, 22].
e O dang tuyén tinh, phuong trinh BET duoc viét dudi dang:

P __1 +(C—1)(£j (2.1)
V(P -P) V.C V,C\P°

Trong dé:  V: 1a thé tich N, bi hdp phu tai ap sudt can bang P.

P°: &p sudt bao hoa.

Vo thé tich khi N, can thiér d@é phii hét bé mat vét ran tao
thanh 1 I6p don phdn tir, c6 thé xem mét cach gan diing tuwong g Véi doan
nam ngang cua duwong dang nhiét hap phu trong khodng P/P° = 0,05 - 0,3.

C: 1a hang so BET.

\ A . P P 5 z A 0 .~
Tir do thi V(P _P) theo ® trong khoang ap suat P/P” bang 0,05 - 0,30

thu dugc mot dudng thang cho phép xac dinh Vy, va C (hinh 2.2).

P/V(P°-P)
1go= g
Ve
a
OA= 1
A v
P/P°
0 >

Hinh 2.2. Quan hé tuyén tinh cia P/V (P°-P) theo P/P°
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Tir d6 tinh dugc bé mat riéng theo céng thic (2.2):

S = V,oN,
BET = Ty,

(2.2)

Trong do:
o: la dién tich bé mat bi hdp phu bai 1 phan tir N, (16,2 x 102° m?)
m: 1a khéi lugng chat ran st dung (g).
Vo = 22414 cm® Na = 6,023 x 10%.
e Thé tich mao quan nhd (Vmicro) VA dién tich mao quan nhé (Smico), duoc
xac dinh nho phuong phap d6 thi t-plot - de Boer [60].
e Duong kinh trung binh caa cdc mao quan nho (dmicro) duoc xac dinh
theo cong thuc (2.3):
4V

d _ — micro 2 - 3
micro S ( )

b. Thiét bi va diéu kién do: Trong luan an nay, phuong phap dang nhiét
hap phu - khtr hdp phu N, 77K dugc thuc hién trén may TRl START 3000
Micromeritics (Truong Dai hoc Su pham Ha Noi). Trudc mdi phép do cac
mau than duoc l1am sach bé mat (degas) ¢ 300°C trong dong khi N, trong 5h.
2.2.2. Phwong phdp hién vi dién tir truyén qua (TEM).

a. Nguyén ly [65]

Kinh hién vi dién t truyén qua (TEM) la mét thiét bi nghién ctu s
dung chum dién tir (chum electron) c6 ning luong cao chiéu xuyén qua mau
vat rin mong va sir dung cac thau kinh tir dé tao anh mau nghién ctu véi do
phong dai 16n (c6 thé toi hang triéu 1an), anh c6 thé tao ra trén man huynh
quang hay trén film quang hoc hoic ghi nhan bang may chup k¥ thuat so.

bay la phuong phap quan trong va hiéu qua trong viéc dac trung hinh
thai hoc cua vat liéu rin. Tir anh TEM cho thay hinh dang, kich thudc va su

sap xép cac mao quan trong vat liéu. Kich thudc cua cac hat xuc tac (kim loai
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hoac oxit kim loai) phan tan trén nén vat liéu ran cling duoc xac dinh mot
cach chinh x&c tir anh TEM, tham chi sy phan tan cac hat xuc tac trén nén vat
liéu ran cling dugce danh gia qua anh TEM.

b. Thiét bi va diéu kién do: Anh TEM duogc ghi trén may TECNHL G2
F20 hoat dong & 200 kV (Vién Sinh Dich T&). Mau dugc nghién min bang cbi
mi ndo, sau d6 cho vao con (ethanol) tuyét dbi, sieu am trong vai phat. Nho
vai giot huyén phu nhan duoc 18n mot mang mong carbon - vi 13 trén mot ludi
d6ng, sau d6 mau dugc siy kho.

2.2.3. Phwong phdp phé quang dién tir tia X (XPS).

a. Nguyén ly [65].

Khi chiéu mot ngudn nang luong photon nhat dinh (hv) da Ién vao bé
mat nguyén ta/ion/vat liéu ran thi xay ra qué trinh phat xa quang electron
(photonelectron). Qué trinh hinh thanh photonelectron & dang don gian nhat Ia
qua trinh ma mét electron ¢ 16p vé cua nguyén tir/ion bi birc ra dudi dang
photon. Khi electron bi birc ra dudi dang photon s& c6 mot dong nang nhat
dinh KE. Gia tri dong ning nay c6 thé dugc xac dinh mot cach dinh lugng tir
viéc ghi pho XPS [65].

Mt khéac, mdi electron trén I6p vo nguyén tir/ion déu c6 mot gia tri nang
lurong BE riéng biét. Nang luong BE dic trung cho cuong do caa luc hut tinh
dién gitra electron (tich dién am) & 16p vo vai proton (tich dién duong) trong
hat nhan nguyén ta/ion. Luc lién két cang manh thi BE cang Ion. Gia tri BE
phu thudc vao:

- S6 proton trong hat nhan (sb proton dic trung cho tirng nguyeén tb).

- Khoang céch gitra cac electron ¢ 16p vo va hat nhan. Khoang cach cang
160 thi lién két giita electron va hat nhan cang yéu. Nén gié tri BE cang nho.

- Mat do6 electron trén 16p vo ngoai. Mat @6 electon cang nho thi gia

tri BE cang lon.
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- Su twong tac gitra cac electron véi nhau.

Gia tri nang lugng BE c6 thé tinh duoc dya vao dong ning KE theo
phuong trinh (2.4):

KE = hv-BE-¢ (2.4)

Trong dé, ¢ 1a cong thoat cua thiét bj (chiz khdng phdi ciia mdu do) va
hvla nang lirong photon chiéu vao nguyén tiz/ion.

Do gié tri KE thay doi theo nguén niang lwong photon cung cap trong khi
d6 gia tri BE lai khéng phu thuc vao ngudn ning lwong photon cung cap. Do
d6, viéc xay dung phd ning lugng trong phuong phap XPS thay vi str dung
gia tri dong nang KE thi nguoi ta sir dung gia tri nang lugng BE. Do do, dua
vao gia tri BE xac dinh tir phd XPS c6 thé xac dinh dugc thanh phan nguyén
t6 trong vat liéu ran.

Theo co hoc lugng tir, mdi electron trong nguyén tir/ion déu dic trung
boi bon sé hang luong tir: s6 lugng tir chinh n (n - s6 electron trong nguyén
tar), s6 lwong tir phu (1 = 0, 1, (n-1)), s6 luong tir tir (My=+1, +2, ...+ 1) va sd
lwong tar spin (ms = 1/2 va -1/2). Ddi véi cac nguyén tafion & trang thai dung
c6 ciing s luong tir n va sb luong tir phu | > 0 thi xay ra sy tdch quy dao spin
(spin orbit splitting). Su tach quy dao spin s& dan dén sy thay doi vé ning
luong B.E cua c&c nguyén ti/ion ¢ trang thai ding. Vi duy, mac obitan 2p c6
thé tach thanh hai mic nang luong riéng biét 2p., va 2ps, do su tach quy dao
quay. Céc obitan 3d va 4f 2p, ciing c6 thé tach thanh hai mac niang luong
riéng biét do 1a: 3dsj,, 3dss va 4fs)y, 4f;, khi ¢6 su tdch quy dao quay.

Su tach d6 boi (multiplet slitting) ciing tuong tu nhu su tdch quy dao
quay & chd 1a su tach do boi gay ra tir twong tac cua tir trudng giira electron va
hat nhan. Sy tach d6 boi lién quan dén cac electron hoa tri nén kha “vi nhay”
(insensitive) vai trang thai héa hoc.Vi du, tAch pic quy dao spin cua pic doéi
Co-2p thay d6i tir 14,9 eV (d6i voi Co kim loai) dén 16 eV (oxit C0,05).
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b. Thiét bi va diéu kién do: Pho XPS duoc thuc hién trén may ESCA
LAB - MKII (vién nghién ctzu cua Phap), trong chan khong cao 10™*° mbar, st
dung nguon buc xa Al Ka (hv = 1486,6 eV). Ning luong lién két dugc chuan
hoa theo pic Cys cua nguén than, irng vai gia tri 284,6 eV.

2.2.4. Phwong phap khir héa theo chwong trinh nhiét djp (TPR-H,).

a. Nguyén ly [65]

Phuong phap TPR - H, 1a mot ki thuat dugc sir dung rong rai dé xac
dinh kha ning khir ctia céc oxit kim loai don chat, hdn hop oxit kim loai va
oxit kim loai phan tan trén chat mang bang céch kht héa ching bai mot tac
nhan khir (hay dung 1a H,) theo chuong trinh nhiét do nhat dinh.

K§ thuat do TPR- H, bao gdom mét hon hop khi khir (thuong 1a tir 3%
dén 17% H, pha lodng trong argon) duoc dan qua mau nghién cau va mot
detector dan nhiét (TCD) duoc str dung dé do nhiing thay doi trong tinh dan
nhiét cia dong khi. Theo d&i su tiéu thu khi H, theo su thay dbi cua nhiét do,
tir d6 xac dinh dugce didu Kién can thiét (nhiét do, lwgng khi H, tiéu thu) dé
khir MeO, thanh kim loai theo phan ung.

MeOx + H, — Me + H,0 (2.5)

b. Thiét bi va diéu kién do: Gian dd6 TPR - H, dugc ghi trén may
Autochem 11 2920 Micromeritics, (Truong DPai hoc Su pham Ha Noi) sir dung
hén hop khi Ho/Ar (H, = 10%) véi detector TCD, toc do dong khi 50 ml/phut
(GHSV = 8,000 h™). Khoang nhiét d6 khao sat tir nhiét do phong dén 900°C
Vi toe do gia nhiét 10°C/phdt.

2.2.5, Phuong phdp khii - hap phu oxy theo churong trinh nhiét dé (TPD - O,)

a. Nguyén ly [65]

Nguoi ta str dung oxy nhu 13 mot chat do va duoc hap phu bdo hoa trén
bé mat céc vat liéu. Khi tang nhiét do s& xay ra qué trinh khir hap phu oxy.

Khi oxy bi khir hdp phu c6 thé 1a oxy di dugc hap phu vao hoic do sy phan
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cat cac lién két chira oxy trong mang cau trdc vat liéu. Luong khi oxy khir hap

phu dugc dua dén detector dé dinh luong.
Theo ly thuyét vé hap phuy, van téc cia qué trinh hap phu phu thudc vao

nhiét do theo phuong trinh:

do
r=V, o (2.6)
i <
hay r=V. m =k0=k, e .6 (2.7)

Trong dé, 0: dg hap phu (phdan bé mat rén cua vt lidu bi che phi bai

cac phan ti chdt bj hap phu).
E: nang lwong hoat hoa cia qué trinh khi hap phu.

T: nhiét do (K). R: hangsé khi.  ko: hé so ty lé.

Hon nita, néu nhiét do thay d6i mot cach tuyén tinh, tac 1a:

(V6i To: nhiét do ban dau; B: toc do gia nhiét)

T= To + IBt
Thi ta c6 ar_g 28)
dt
Mat khéc, ta co @:@.d—T (2.9)
dt  dT dt
Thay (2.9) vao (2.10) ta sé co:
do  do do 1 do
—=p—= 2.10) Ha — = 2.11
a Par @10 Hay = (211)

Tur (2.11) taco

401 o evro (2.12)
dT BV,

Hay — 99__ 1 | cwrgr (2.13)
6 BV,

Qua trinh khtr hap phu theo nhiét d6 dat cuc dai khi d6/dT = 0 va nhiét

d0 T = T (Tm: Nhiét d6 cuc dai).
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LAy tich phan va dat dao ham bang 0 ¢ thé dua ra biéu thirc dudi dang:

2Ty -In B =——+ |n(%) (2.14)

RTm RK,
V& db thi biéu dién su phu thudc tuyén tinh (2InTy, — Inp) vao 1/Tp,. T
quan hé tuyén tinh nay, c6 thé xac dinh duoc cac gié tri Vi, va E.

E EV
Véi tg=§ va OA=InR m

N0
tir day c6 thé nhan xét rang:
+ Céc phan tir oxy bi hap phu manh s& ¢ Ty, va E 16n.
+ Sy khtr hap phu O, pha khi thudng xay ra ¢ nhiét 6 thip va E nho.
+ Su cit lién két Me-O cua mang ludi ctia cac oxit kim loai s€ x4y ra &

nhiét do cao.
A

(2InT,,-InB)

—

/

/ a
A 1T,

»

Hinh 2.3. Quan hé tuyén tinh cia (2InT, — Inf) vao 1/Th,
b. Thiét bi va diéu kién do: Gian dd6 TPD- O, duoc ghi trén may

Autochem Il 2920 Micromeritics (Truong Pai hoc Su pham Ha Noi). Trudc

hét, miu duoc xu ly trong dong khdng khi (20 ml/pht), trong 2 gio ¢ nhiét
d6 300°C, sau d6 1am nguoi & nhiét do phong. Thay thé dong khdng khi bang
dong He véi téc do 25 ml/phat. Nhiét d6 dwoc nang dan tir nhiét ¢6 phong
dén 350°C voi tde do gia nhiét 10°C/phdit.
2.2.6. Phuwong phap sdc ki khi

Sic ki khi ¢ day 1a su tach va phan tich chét khi duwa trén sy tuong tac

cua C4c cau tir caa hdn hop khi voi tudng tinh 1a cot sic ki bang mot chat
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mang thich hop, vi du silicagen, xenluloza, nhém oxit, nhya trao d6i ion....Co
nhiéu nguyén nhan dan dén sy phan bd khéac nhau cua cac chat, su lap di 1ap
lai hién twong hap phy, khtr hap phu cia céc chat khi dong pha chuyén dong
qua pha tinh 13 nguyén nhan chua yéu dé tach chat bang sic ki khi.

Cot sic ki dugc nhdi chat hap phu ran. Su hip phu céc chat khi 1&n bé
mat chat hap phu ran tuan theo mé hinh hap phu dang nhiét Langmuir.

Detector (loai ion hda ngon hira - FID): nguy@n tic 1am viéc caa né dua vao
su thay d6i d6 dan dién tao ra do ngon lira chay H, + O,. Cac chét hitu co bi ion
hoa boi nhiét do cua ngon lta. Nong do cua chat ti 1é vai ndng do ion.

Ngon lira tinh khiét co6 do dan dién bé, khi ngon hra cd tap chat hiru co
d6 dan dién ting 1én. Sy thay do6i d6 dan dién cua ngon lia duoc chuyén hoa
thanh tin hiéu dién va chuyén thanh tin hiéu pic ¢ dau ghi.

Khi miu duoc vao sac ki khi qua cot sic ki, & ddy n6 bi hap phu 18n bé
mat chat ran va bi luu lai ¢ trong d6 mot thoi gian nhat dinh va véi mdi chat
khac nhau s€ c6 thoi gian luu khac nhau. Dya vao thoi gian luu va dién tich
ctia mdi pic, ngudi ta xac dinh dinh tinh va dinh lwong ctia mdi chat cé trong
hdn hop phan tich.

HGon hop khi san pham di ra khoi dng phan tng dwoc dan qua sic ki
khi dé phan tich. Két qua phan tich dwoc ghi lai bai dau ghi két néi vai sic
ki. Dua vao tin hiéu trén sic ki dd, tién hanh xac dinh do chuyén hoa (a%)

san pham
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CHUONG 3. KET QUA VA THAO LUAN

Vit liéu Co/AC duoc tong hop véi ba ham lwong Co khéac nhau (3,0%,
5,0% va 9,0%), truéc hét, duge danh gia cac dic trung nham 1am rd mdi quan
hé gitra kha nang hap phy, hoat tinh xtc tac voi cac tinh chat héa 1y nhu do
phan tan, thanh phan hda hoc, tinh chat bé mit... cua vat liéu.

3.1. Cac dic trung hoa ly cia vit liéu Co/AC
3.1.1. Anh TEM
Hinh 3.1 la anh TEM cua céac vat liéu 3Co/AC, 5Co/AC va 9Co/AC.

- .

3CoACC.002 ——

9Co ACC.006

100 nm

Hinh 3.1. Anh TEM cuia (a) - 3Co/AC, (b) - 5Co/AC va (c) - 9Co/AC

C6 thé nhan thay rang, trén anh TEM, than hoat tinh dugc thé hién boi
mot nén lién tuc den nhat, con CoO, dugc thé hién bang cac cum hat mau den

xam. Vi mau 3Co/AC hau nhu rat khé quan sat thiy cac “cham den" dic
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trung cho cum CoOy trén nén than hoat tinh. C6 thé do ham lugng Co thap
(3,0%) ma cac tiéu phan chira Co duoc phan tan tét va kich thudc cac cum hat
nhé (< 10nm). Khi ham luong Co ting 1én dén 5,0%, cac cum hat CoOy c6
kich thudc 16n hon (dao dong trong khoang 20 - 25 nm), phan tan kha déng
déu trén bé mit AC. Nhung néu tiép tuc ting ham luong Co (9,0%Co) thi tinh
ddéng déu vé kich thudc khdng con nira, da xuat hién nhitng cum hat CoOy ¢6
kich thudc 16n hon (27 - 35 nm). Két qua nay 1a mot dinh huéng cho viéc lya
chon mau 5Co/AC trong nhitng nghién ctu tiép theo.

3.1.2. Phwong phdp hip phu va khir hdp phu N, 6 77K (BET )

Phuong phap BET duogc sir dung véi muc dich xac dinh phan tich, mot
s6 théng s6 bé mat cua AC va AC chira CoOy. Tir viéc so sanh céc théng so
nay co thé danh gia duoc vi tri ton tai caa cc cum hat CoO, trén nén AC. Ba
mau duoc lua chon khao sat 1a AC, 3Co/AC va 5Co/AC.

400

300 | &

200 ¢

—o— AC, Adsorption

—O0— AC, Desorption

H —o0— 3Co/AC, Adsoprtion

100 ¥ —0o— 3Co/AC, Desorption
3 —o— 5Co/AC, Adsorption

—O0— 5Co/AC, Desorption

Quantity Adsorbed (cm?®/g STP)

0.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure (p/p°)

Hinh 3.2. Puong dang nhiét hap phu va khi hap phu N, ¢ 77K
cua AC, 3Co/AC va 5Co/AC
Hinh 3.2 gidi thiéu duong dang nhiét hap phu - khir hap phu N, caa mau
than AC nguyén khai cing 2 mau vat liéu tong hop 3Co/AC va 5Co/AC trong
khoang &p suit twong d6i P/P° tir 5.10™ dén 0,995. O thang tuyén tinh cua ap
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suat tuong dbi P/P°, dudng dang nhiét hap phu - khar hap phu N, caa mau AC
c6 dang | theo sy phan loai caa IUPAC. Biéu nay cho phép du doan mau than
hoat tinh Tra Bac st dung trong nghién ctiu thudc loai vat liéu mao quan nho
(micropore, dmao quan < 2 NM).

Bang 3.1 trinh bay mot sé théng sé bé mat nhu bé mit riéng tong (Sger),
dién tich vi mao quan (Smicro), thé tich vi mao quan (Vmico), dién tich bé mit
ngoai (Sex), tong thé tich mao quan (Vi), cia AC, 3Co/AC va 5Co/AC.

Biang 3.1. Céc thong so bé mdt cua than hogt tinh AC,

3Co/AC va 5Co/AC
~ o L SBET Smicro Vmicro Se><t Vmeso Vtot
Mauvatlieu | w2y | miig) | (emlg) | (m¥g) | (em¥g) | (cm’lg)
AC 1090 1038 0,4601 52 0,0552 0,5153
3Co/AC 1024 974 0,4258 50 0,0537 0,4795
5Co/AC 836 805 0,3493 31 0,0391 0,3884

Tu bang 3.1 nhan thay than Tra Bac c6 bé mat riéng kha phat trién
Sger = 1090 m*/g, chira cha yéu mao quan nho. Dién tich mao quan nho
Smico = 1038 m?/g, chiém ~ 95% bé mat riéng; thé tich mao quan nho
Vmicro = 0,4601 cm®/g, chiém =~ 89% tong thé tich mao quan cua AC. Két qua
nay hoan toan phl hop va khang dinh lai két luan suy ra khi quan séat céc
duong dang nhiét hap phu - khir hip phu N, cia mau AC duoc trinh bay ¢
hinh 3.2.

Khi thém 3,0% hoac 5,0% Co, cac duong dang nhiét hap phu - khtr hap
phu N, ciing déu c6 dang | theo su phan loai cia IUPAC va tuong ty nhu ddi
véi AC. Diéu ndy cho thay viéc dua oxit CoOy 18n than hoat tinh AC khéng
lam thay ddi dang ké dang mao quan cua than hoat tinh AC ban dau. Tuy
nhién, bé mit riéng va téng thé tich mao quan cua cadc mau than chia oxit

CoO, déu giam so v4i mau than hoat tinh nguy@n khai. Dién tich bé mit BET
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Sger giam tir 1090 m?/g xubng 1024 m*/g va xudng 836 m?/g khi ham luong
Co trén than hoat tinh lan luot 12 3,0% va 5,0%. Tong thé tich mao quan giam
tir 0,5153 cm®g xubng 0,4795 cm®/g va 0,3884 cm®/g khi ham luong Co ting
tir 3,0% dén 5,0%.

Pbi v6i mau 3Co/AC, su giam bé mit riéng cling nhu tong thé tich mao
quan chi yéu la do sy giam lugng mao quan nho. Dién tich mao quan nhé va
thé tich mao quan nhé lan luot giam tr 1038 m?%/g xudng 974 m®/g va tir
0,4601 cm®/g xudng 0,4258 cm®/g, trong khi dién tich bé mit ngoai giam
khong dang ké.

Két qua tinh toan su phan bé mao quan caa 2 mau vat liéu tong hop duoc
va ctia AC theo phuong phap DFT trén co so duong dang nhiét hap phu - khu
hip phu N, véi gia thiét coi mao quan ctia cac mau than nghién ctu c6 dang
hinh khe dugc trinh bay trén hinh 3.3.

0.25
0.20
—0— AC
—o6— 3Co/AC
0.15 —e— 5Co/AC

0.10

0.05

Incremental Pore Volume (cm?3g)

0.00 - . :
0.75 1.25 1.75 2.25 2.75 3.25

Pore Width (nm)

Hinh 3.3. S phdn bé vi mao quan ciia cdc madu vt liéu tinh theo phirong phdp DFT
Tir day nhan thay viéc dua 3,0% Co 1én AC khong lam xuét hién thém
mao quan ma chi 1am giam nhe lwong mao quan nho. Do d6, ¢ thé nhan xét

rang, d6i voi mau 3Co/AC, cé4c tiéu phan Co chi yéu nam trong c&c vi mao
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quan cia AC va c6 thé ton tai & dang CoOy vai kich thudc nano siéu nho. Rét
6 thé day chinh 1a nguyén nhan khong quan sat thy cac cum hat CoO, trén
anh TEM cuaa mau 3Co/AC. Nhiing tam x(c tac dang nano CoO, nano siéu nho

nay sé hira hen co hoat tinh cao trong phan rng oxi hda meta-xylene.

Véi mau 5Co/AC, Vé co ban ciing c6 nhitng tinh chat bé mat twong tu
nhu mau 3Co/AC, nghia 1a mot phan coban s& phan tan vao bén trong vi mao
quan cua than AC va ciing tn tai & dang CoO, nano siéu nhé. Tuy nhién, do
ham luong Co ting hon nén & mau ndy xuét hién thm nhitng cum hat CoOy
¢6 kich thuéc 16n hon (20 - 25 nm) phan tan kha dong déu & bé mat ngoai cua
AC nhu d3 quan sat thdy trén anh TEM (hinh 3.1b). C4c cum hat CoO, nam &
bé mat ngoai AC la nguyén nhan lam giam dién tich bé mat ngoai cua than
AC (Sex giam tir 52 m?/g xudng 31 m?/g) va co thé da che 14p mot phan céac
ctra SO cuia cac vi mao quan. Hiéu tng nay dan dén mot su giam tiép theo cua
dién tich bé mit riéng Sger tir 1024 m?/g (mau 3Co/AC) xudng 836 m?/g (mau
5Co/AC) ciing nhu thé tich vi mao quan tir 0,4258 cm®/g (miu 3Co/AC)
xuéng 0,3493 cm*/g (mau 5Co/AC).

3.1.3. Phwong phdp phé XPS

Ph6 XPS 1a phwong phap cung cap thdng tin vé thanh phan nguyén té,
trang thai héa hoc (trang thai oxi hoa) cua cac nguyén té trong vat liéu xuc
tac ran.

Do kich thuéc cua cdc cum hat CoO, trén nén AC kha nhd < 35 nm,
ham luong Co duogc sir dung khdng cao (< 10% Co) va AC c¢6 cau tric vo
dinh hinh 1a chu yéu dan dén viéc nhan dang su ¢ mat caa CoO, trén nén AC
bang phuong phap nhidu xa tia X (XRD) kha khé khan. Phuong phap phd
XPS boi vay di duoc sir dung dé danh gia trang thai oxi hda cua coban hay

dang ton tai CoO, trén AC.
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Viéc phan tich anh TEM cho thay trong ba mau tong hop miu chta
5,0% Co la phl hop nhat cho nhiing nghién cau tiép theo. Boi thé, phd XPS
ctia mau 5Co/AC dugc thuc hién va két qua duoc trinh bay trén hinh 3.4.

Tt hinh 3.4 nhan thdy c6 cac pic dic trung cua cac nguyén té nhu: Co,
C, O, Si va Cl. Nguyén té C, O la cac nguyén té chinh cua than hoat tinh AC.
Nguyén t6 Co va Clo 14 tién chat cia mudi coban clorua di dugc ding trong

qué trinh tong hop mau.

To 2p B(BIO13.013)
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Hinh 3.4. Phé XPS cia mau Hinh 3.5. i tach pic trong pho
5Co/AC. XPS Co 2p ciia mdu 5Co/AC

Dé phan tich su ton tai cua trang thai oxi hda khac nhau cuaa ion coban
can dua vao sy tach pic caa phd XPS Co 2p. Tt dir liéu phd hinh 3.4, phd
XPS Co 2p s€ dugc tach thanh Co 2p,/, va Co 2psp,.

Hinh 3.5 thé hién su tach pic cua phd XPS Co 2p caa mau 5Co/AC. Két
qua cho thay:

- Phd XPS Co 2pg;, dugc tach thanh 2 pic tng véi nang lugng lién két
tuong tng: 781,1 eV va 786,9 eV.

- Phd XPS Co 2p., ciing duoc tach thanh 2 pic ung voi nang luong lién
két twong ung: 797,3 eV va 802,7 eV.
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Theo [48, 76, 86], coban ton tai dudi hai trang thai oxi hoa: ion Co®* va
ion Co**.

Pé khang dinh tinh 6n dinh cua qui trinh tong hop vat liéu 1a Co ton tai &
hai trang thai oxi hoa ion Co®* va ion Co*, luan an da thuc hién do thém phd
XPS ctua mot mau cé thanh phan Co khac 5,0%. Vé nguyén tic co thé chon
mau chaa 3,0% Co hodc 9,0% Co. Tuy nhién, mau chira 9,0% (ki hiéu
9Co/AC) duoc chon do c¢6 ham luong Co du 16n dé dé so sanh danh gia. Hinh
3.6 chi ra sy tach pic Co 2py;, va Co 2psp, ciia phd XPS ciia mau 9Co/AC.

Ttr hinh 3.6 ciing nhan thay ddi véi mau 9Co/AC:

- Phd XPS Co 2pg;, duoc tach thanh 2 pic tng véi nang luong lién két
tuong ung: 781,2 eV va 786,6 eV.

- Pho XPS Co 2p., ciing duoc tach thanh 2 pic ung voi nang luong lién
két twong ung: 797,3 eV va 802,8 eV.

T Zp 0(BIOT3000)

KPS Spectrum Lens Mode Hybrid ResclutionPass energy 20 Lris(Aper) slat(Slat)
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Hinh 3.6. Si tach pic trong phé XPS Co 2p ciia mau 9Co/AC.
Nhu vay, trong mau 9Co/AC coban ciing ton tai dudi hai trang thai oxi

héa: ion Co* va Co™.
So sanh két qua tach phd XPS Co 2p caa mau Co;0, don chat [33] Véi
cac mau 5Co/AC va 9Co/AC dugc trinh bay trén hinh 3.7
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Co 2p3/2

Co 2p1/2

Cuong do XPS (don vi quy wic)

BE (V) —>

Hinh 3.7. Phé XPS phan gidi mitc Co 2p cua (1)- Coz0, don chat
[43]; (2) - 5CO/AC va (3)- 9CO/AC.

Két qua so sanh cho thay ca hai mau 5Co/AC va 9Co/AC déu xuat
hién pic XPS Co 2py, va Co 2ps, ¢6 cac gia tri niang lugng lién két twong
ty nhau. Nhu vay, c6 thé két luan rang, coban oxit trén vat liéu Co/AC ton
tai & dang Co304 (gom ion Co®* va ion Co®"). Két qua phan tich nay kha
hop 1y boi vi nhiéu tai liéu nghién ctru da minh chtrng ring Co;0, 12 dang
coban oxit d& hinh thanh nhat va 6n dinh nhat. Nhu vay, c6 thé khang dinh
qui trinh tdng hop vat lidu dugc thuc hién trong luan &n 1a khéa 6n dinh ludn
cho dang tén tai ctia Co 1a Co;0..

Khi & dang oxit CosO4, trong ciu trc spinel caa né ludn chira Co** va
Co*, nhd d6, khi hip phu hydrocarbon (RH), RH s& chuyén electron (e) cua
minh cho chét xuc tac, vi du:

RH + Co®™ —  Co” +RH",
Co™ + 0, — Co™+0y
RH'p +O%n  —  CO+ Hy0
3.1.4. Phwong phdap TPR-H,
Dé danh gia tinh chat khir caa vat liéu Co/AC, qua trinh khir hoa boi H,
theo chuong trinh nhiét d6 (TPR - H,) duoc thuc hién trong khoang nhiét do
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tir 25°C dén 900°C. Bé tién so sanh véi phd XPS, TPR-H, ciing dugc thuc
hién v&i 2 mau 5Co/AC va 9Co/AC.

Hinh 3.8 giai thiéu gian do TPR - H, cua than hoat tinh Tra Bic AC va
hai mau vat liéu 5Co/AC, 9Co/AC.
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Hinh 3.8a. Gian do TPR - H, cua Hinh 3.8b. Gidn @ TPR - H, cua
AC va 5Co/AC AC va 9Co/AC

Ttr hinh 3.8 nhan thay rang:

- Gian dd TPR - H, cua than hoat tinh Tra Bic AC ¢6 mét pic khi cuc dai
duy nhit & khoang nhiét 6 656°C. Pic nay c6 thé lién quan dén su khir cac
nhém chirc va cac vong khdng no trén bé mat AC. N6 ciing c6 thé lién quan
dén su metan hoa cac nguyén tir C cua than hoat tinh, vi theo [34], trong viing
nhiét do nay xay ra qua trinh metan hoa cacbon, theo phan ng:

C+H,— CHy

- Gian dd TPR - H, ctia mau 5Co/AC cho thiy khi coban oxit duoc dua
|&n than hoat tinh AC, pic kht cuc dai & 656°C chuyén dich vé ving nhiét do
thap hon (= 584°C) véi cudong do khéng cao. Biéu nay co thé dugc giai thich 1a
coban oxit trén AC da c6 vai trd xuc tac cho cac qua trinh lién quan dén viéc
xuat hién pic khir & khoang 650°C ciia AC.
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M3t khéc, trén gian d6 TPR - H, cua mau 5Co/AC con xuét hién thém
mot pic khir mai ¢6 cudng do kha I6n trong khoang nhiét do 300 - 500°C tng
vai nhiét @6 cuc dai & ~ 440°C, pic khir nay duoc gan cho qué trinh khir cua
C050, vé CoO va Co kim loai bai tac nhan khtr héa H,. Theo céc tai liéu [23,
72, 76, 89, 91], qua trinh khir Co304 boi H, vé CoO va Co kim loai Xay ra
theo hai giai doan:

Giai doan1: Co0304+ H, — 3Co0O + H,0
Giai doan 2: CoO +H, — Co+ H,0O

- Khi tang ham lugng Co dén 9,0%Co (gian d6 TPR - H, - hinh 3.8b) van
quan sat thay pic khir trong khoang nhiét ¢6 300 - 500°C (cuc dai ~ 431°C),
do vay c6 thé xem ring dang ton tai caa coban oxit trén AC khong bi thay
d6i. Vai pic khir & nhiét do cuc dai 551,6°C, twong tu nhu trudng hop & mau
5Co/AC, duoc qui két cho qua trinh xay ra trén bé mat cua AC.

Pé khang dinh nhan xét trén, gian d6 TPR - H, cua oxit coban Co30,
cling duoc xac dinh va két qua duoc trinh bay trén hinh 3.9.

0.5

0.3 1

0.2 1

Tin hieu TCD (a.u)

0.1 1

0.0 -

-0.1

0 200 400 600 800 1000

Nhiet do (°C)
Hinh 3.9. Gidn do TPR - H, ciia coban oxit Cos0.,.
Tur gian d6 d& nhan thay mot pic khtr véi cudng dd manh trong khoang
nhiét do 384,7 - 426°C. VVung nhiét 6 khir nay duoc qui két cho qué trinh khir
cua Co;0, bai tac nhan khu héa Hs.
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Nhu vay, gian d6 TPR - H, ciing khang dinh rang, coban oxit trén than
hoat tinh AC ton tai chu yéu duéi dang Co30,. Két qua nay phu hop véi két
qua thu duoc tir phd XPS.

3.1.5. Phwong phap TPD - O,.

Kha ning luu gitr oxy pha khi trén bé mat anh huong kha nhiéu dén hoat
tinh xdc tac cua vat liéu. Bé khao sat kha ning luu giit oxy cua vat liéu
Co/AC, qué trinh hap phu - khir hap phu oxy theo chuong trinh nhiét do
(TPD - O,) da dugc thuc hién trén mau AC nguyén khai va hai mau Co/AC
chwa lan lugt 5,0%Co va 9,0%Co.

Hinh 3.10 trinh bay gian @6 TPD - O, cua cdc mau nghién ctu trong
khoang nhiét @6 120 - 325°C.

-0.010

(a)- AC
(b) - 5Co/AC

_—————— (c) -9Co/AC
-0.008 -

o\ I‘
o e
/ “ (©

-»

Tin hieu TCD
' o

o

S

°
o
S
=

-0.002 1

0.000 T T T T
100 150 200 250 300

Nhiet do (°C)
Hinh 3.10. Gidn do TPD - O, cia cac mau (a) - AC,
(b) - 5Co/AC va (c) - 9Co/AC.
Tir hinh 3.10 nhan thay rang:

- Péi vai than hoat tinh AC: khong quan sét thay pic khir hap phu oxy &
viing nhiét d6 thap dudi 300°C. Piéu nay ching to kha ning hap phu oxy pha
khi cia AC & viing nhiét d nay 1a khong dang ké.
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- Ddi véi than hoat tinh AC chtra 5,0% Co va 9,0% Co: déu thay xuét
hién mot pic khir hap phu oxy c6 cudng do kha lén trong khoang nhiét do
khao sat ang vai cuc dai 197,8°C. Cudng do pic khir hap phu oxy tang theo su
tang ham luong Co tir 5,0% dén 9,0%Co. Piéu d6 chung to oxy pha khi da
duoc hap phu trén vat liéu Co/AC béi céc thm hap phu oxit kim loai.

Pé khang dinh thém nhan dinh “O, pha khi khéng dugc uu tién hap phu
trén AC” trong viing nhiét dé nghién ctu, qua trinh hap phu dong meta-xylene
trén AC duogc khao sat trong hai truong hop: (i) khi mang la Ny; va (ii) khi

mang 1a khong khi. Cac diéu kién thuc nghiém khac giir nguyén.

2400
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Hinh 3.11. Durong cong thoat cua meta-xylene trén AC ¢ 180°C:
(o)-khi mang N, va (e)- khi mang khong khi.
Tur dudng cong thoat trén hinh 3.11, dung lwong hap phu meta-xylene
() duoc xac dinh bai phuong phap cua P.Le Cloirec [29] twong Gng la:
g = 1,31 mmol/g vat liéu, khi khi mang la N,
g = 1,28 mmol/g vat liéu khi khi mang la khong khi.
Két qua nay cho thay, khi thay khi mang N, bang khong khi, dung luong
hiap phu meta-xylene cia AC cé giam di nhung khong dang ké: tur 1,38
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mmol/g xubng 1,28 mmol/g (giam 2,3%). Piéu d6 cho thiy rang, trong diéu
kién thi nghiém cua luan an, than hoat tinh vu tién hip phu meta-xylene.

Tiéu két:

- Coban oxit phan tan trén AC chu yéu ¢ dang Co304 Khi ham hrong Co
bang 5,0% (5,0% vé khoi luwong Co so véi AC), két quda phan tich BET cho thdy
phurong phdp tong hop vt liéu ddn dén sw ton tai cac cum Coz0, kich thuéc
nano siéu nhé nam trong cac vi mao qudn cia AC. Nhing tiéu phdn kich thuéc
nano ndy dwot Ky vong 1a cac tdm co hogt tinh xtc tac tét cho qua trinh oxi
hoa meta-xylene duwroc hap phy trén AC.

- Két qua quan sat anh TEM cho thdy trén cac mdu 5Co/AC va 9Co/AC
c6 su hien dién cua cac cum hat oxit coban kich thuoc ~ 20 - 25 nm phan tan
khd déu dan trén bé mat ngodi cua pha nén AC.

- Phan tich TPD-O, cho thdy than hoat tinh khéng wu tién hap phu oxy
trong vuing nhiéz dg khao sat (120 - 235°C). Béng vai tro hap phu oxy chinh 1
tam coban oxit trén AC.

- Khdo sét qua trinh hdp phu trén AC cia meta-xylene trong dong N, va
trong dong khéng khi mét lan niza khang dinh sy hdp phu cia meta-xylene
khéng bi canh tranh boi oxy khéng khi.

3.2. Mot s6 dic trung hap phu meta-xylene ciia AC va Co/AC.

Tir két qua nghién cau hap phu dong meta-xylene trén AC véi khi mang N,
va khi mang khong khi cho thay AC hap phu kha tét meta-xylene.

Do vay, phan nay tiép tuc tim hiéu sau hon vé tinh chat nhiét dong cua su
hap phu meta-xylene trén than hoat tinh.

3.2.1. Hdp phu déng ciia meta-xylene trén than hoat tinh AC.

Dé thuc hién noi dung nay, qué trinh hip phu dong meta-xylene trén AC
duoc thyuc hién tai cac nhiét do 100°C, 115°C, 135°C, 150°C, 165°C, 180°C va
220°C. Khi mang dugc st dung trong nghién ctu nay la N,.
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Hinh 3.12 trinh bay 5 duong cong thoat caa qua trinh hip phu meta-
xylene trén AC & 5 nhiét do tiéu biéu: 100°C, 150°C, 180°C, 200°C va 220°C.
Két qua cho thiy duong cong thoat cé thé chia thanh 3 giai doan:

- Giai doan I: meta-xylene bi hip phu hoan toan bai AC. Nong d6 meta-
xylene trong khi thoét ra khoi cot hip phu bang 0, vi vay, dudng cong thoat
trong giai doan nay 1a mot doan thang nam sét véi truc hoanh.

- Giai doan II: ndng d6 meta-xylene tién dan tgi diém thoat (thoi diém
Xuat hién pic dic trung ctia meta-xylene trén sic ky d6). Sau dé, nong do
meta-xylene trong khi thoat ra khoi cot hap phu ting nhanh theo thoi gian hap
phu va dan dat téi ndng do ban dau C, va tao ra duong cong thoat ¢ dang
hinh chir S.

- Giai doan II: qué trinh hap phu dat dén can bang, khi d6 than hoat tinh
khéng hap phu duoc meta-xylene nira nén néng d6 meta-xylene trong khi thoét
ra khong thay doi, ludn bang nong do ban dau C,. Vi vay, duong cong thoat
trong giai doan nay ciing 1a mot doan thang nhung nam trén cao ¢6 tung do = Co.

C6 thé thay, vi tri caa cac duong cong thoat dich chuyén dan vé phia trai
cua truc hoanh khi nhiét do hap phu tang dan, tac 1 thoi gian thoat ciing nhu
thoi gian bdo hoa cua sy hip phu meta-xylene s& nhanh hon khi hap phu
meta-xylene & nhiét do cao. Diéu ndy ching to dung lwong hap phu meta-

xylene cua than hoat tinh giam khi nhiét d6 hap phu tang.
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Hinh 3.12. Puong cong thoat cia meta-xylene trén AC ¢ diéu kién:
0,62g AC, W = 2,0 L/h, nhiét dé 100 - 220°C.
Bang 3.2 trinh bay dung luong hap phu meta-xylene trén AC duoc Xac
dinh tir duong cong thoat tai cac nhiét do khao sat.
Bang 3.2. Dung lwong hdap phu meta-xylene trén AC tqi

cac nhiét dé hap phu khac nhau

Nhiéz do Dung lugng Nhigt dg Dung lwgng
hap phu hap phu - g hap phu hap phu - g
(°C) (mmol/g) (°C) (mmol/g)
100 2,94 165 1,48
115 2,56 180 1,31
135 2,23 200 0,93
150 191 220 0,71

Tur bang 3.2 va dua vao phuong trinh hap phu dang &p (3.1) [38], c6 thé
xac dinh duoc nhiét hap phu AH.
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_AH

q=0,e " (3.1)
Trong dé:  q: dung lwong hap phu (mmol/g hay mg/g).
AH: nhiét hap phu (kd/mol, kcal/mol).
R: hang sé khi, R = 8,314 (J/mol.K.)
T: nhiér @6 hap phu, K.
0o: hang so, ti 16 véi s6 tam hdap phu.

Tt biéu thirc (3.1) ¢6 thé nhan duge biéu thirc (3.2):

AH .
Ing=-—+1In 3.2
4=-g7+ind, (3.2)

Tur sb lieu thyc nghiém thiét 1ap méi quan hé “Inq - 1/T” nhu duoc
trinh bay trén hinh 3.13.

1.2
0.8
Inq = 1344.7.(1/T) - 2.5237
2_
| R = 0.996
o 0.4
£
0.0
Ing =2985.1. (1/T) - 6.389
R?=0.9825
-0.4

0.0018 0.0020 0.0022 0.0024 0.0026 0.0028
uT

Hinh 3.13. Quan h¢é tuyén tinh cia Ing theo 1/T cua sw hdp
phu meta-xylene trén AC
Tt hinh 3.13 d& nhan thay rang, quan hé “Inq - 1/T” trong khoang nhiét
d6 khao sat (100 - 220°C) gom hai doan gap khuc (2 doan thang tuyén tinh)

rng véi hai viing hap phu ¢6 nhiét hap phu khac nhau:
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- Ving hap phu (1) ¢ khoang nhiét d6 thap hon, tir 100 - 150°C, (g V6i
doan tuyén tinh (1), ¢é nhiét hap phu:

AH =-1344,7 x 8,314 = - 11180 J/mol ~ - 11,18 kJ/mol

- Vung hap phu (1) & ving nhiét do cao hon, tir 165 - 220°C, ng Vi
doan tuyén tinh (11), ¢6 nhiét hap phu:

AH = - 2985,1 x 8,314 = - 24818 J/mol ~ - 24,82 kJ/mol.

Vay c6 thé Iy giai qua trinh hap phu meta-xylene trén than hoat tinh
nhu thé ndo?. Luan 4n trén co s& phan tich tinh chat caa AC va meta-xylene
dé xuat mot gia thiét nhu sau:

Than hoat tinh duoc sir dung trong luan an 1a than Tra Béc. Theo tac gia
Lé Vian Khu va cong su [6], ban chit héa hoc cua bé mat than hoat tinh Tra
Bic dugc xac dinh bang chuan do6 Boehm. Két qua nghién ciu cua ho chi ra
rang than hoat tinh Tra Bic chira khdng nhiéu nhém chic bé mit: s6 luong
nhém axit téng 1a 0,160 mmol/g (gdm cac nhém cacboxyl, lacton), sé lugng
nhém chtic bazo tong 1a 0,480 mmol/g.

Phan tir meta-xylene khdng phan cuc nén cac nhdm chic bé mat cua
than hoat tinh Tra Bic khéng tham gia vao qua trinh hap phu. Bai vay c6 thé
du doan co ché hap phu ctiia meta-xylene trén AC 1a thong qua tuong tac xép
chdng n-n giita vong thom cua meta-xylene véi hé thong electron 7 giai téa
cua AC. Thuat ngir twong tac xép chong n-rn da duoc dé cip dén bai Sharma
va dong tac gia [93] khi giai thich twong tac gitra graphen va cac tac nhan gay
6 nhiém nguon nudc. Yanhui Li va dong tac gia [94] khi nghién ctu kha ning
hap phu thudc nhuom xanh methylene cua carbon hoat tinh, graphen oxit va
6ng carbon nano ciing giai thich twong tac giita chat hap phu va chét bi hap
phu 13 tuwong tac xép chong m-n. O trong nuéc, gan day, tac gia Ha Quang
Anh [1] ciing str dung twong tac ndy khi Iy giai luc hap phu gitra thudc nhuém
hoat tinh RR 195 va bé mit graphen.
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Vung hap phu (1) c6 thé qui két cho su hap phu meta-xylene (X) & bé
mat ngoai cua than hoat tinh. G ving nay, meta-xylene hap phu khong duoc
thuan loi do su can tré cua cac nhom chic bé mat trén AC. Lyc tuong tac xép
chdng 7-7 bi giam va chi con chu yéu 12 lyc tuong tac phan tir (twong tac Van
der waals) giita meta-xylene véi bé mit AC. Bai vay ma nhiét hap phu thu
duoc tai vang nay kém am hon (AH = -11,18 kJ/mol).

Ving hap phu (1) dugc qui két cho sy hap phu cua meta-xylene trong
c4c vi mao quan cua than hoat tinh. Khi meta-xylene duoc khuéch tan vao
trong c4c vi mao quan, tuong tac xép chong - gitta phan aromatic cia meta-
xylene va hé théng electron © chuyén vi cia AC duoc hinh thanh manh mg.
Hon nira, bén trong vi mao quan hiéu tng twong tic Van der waals duoc tang
lén dang ké. Vi thé, day 1a vang hap phu thuan loi ciia meta-xylene, dan dén
nhiét hap phu 4m hon nhiéu (AH = - 24,82 kd/mol). Va chi su hap phu caa
meta-xylene trong ving ndy mai dan dén nhiing bién doi hoa hoc khi c6 mit
chat xdc tac va cac tac nhan oxy hap phu Oy pp.

(AC-X)np + Oz pp—> CO, + H,0 (3.3)

Do d6, trong luan an sy hap phu cua meta-xylene trong cac vi mao quan
cua than hoat tinh (viing hap phu IT) duoc goi 1a hap phu “hoat dong”.
3.2.2. Hdp phu déng ciia meta-xylene trén Co/AC

Mot cau hoi tiép duoc dit ra & day 1a “sy c6 mat Co;04 anh huong nhu
thé nao dén dic trung hap phu meta-xylene trén AC ?”. Cau hoi nay s& dugc
lam rd hon khi tién hanh qua trinh hap phu dong meta-xylene trén vat liéu
Co/AC.

Hinh 3.14 trinh bay duong cong thoat ciia meta-xylene trong ché do hap
phu ddng trén vat liéu 5Co/AC. C6 thé nhan thay, trong ty nhu qua trinh hap

phu meta-xylene trén AC, vi tri ciia cac duong cong thoét dich chuyén dan vé
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phia trai cua truc hoanh khi nhiét ¢ hap phu tang, ttc 13 dung lwong hap phu

giam véi sy ting nhiét d6 hap phu.
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Hinh 3.14. Puong cong thodt ciia meta-xylene trong ché dé hap phu
dong; Piéu kién: 0,629 5Co/AC, W = 2,0 L/h, C, = 2223 ppm.
Tur hinh 3.14 ¢4 thé tinh duoc dung lugng hap phu meta-xylene. Két qua
duoc trinh bay trong bang 3.3.
Bang 3.3. Dung lwong hdp phu meta-xylene trén vat liéu 5Co/AC

tai cac nhiér do khac nhau

Nhiét dg Dung lirgng Nhiét dé hdp Dung lirgng
hap phu hap phy - q phu hap phy - q
(°C) (mmol/g) (°C) (mmol/g)
100 2,11 165 1,37
115 1,94 180 1,23
135 1,78 200 0,87
150 1,51 220 0,69

Tir c4c dir lidu thu duoc & bang 3.3 xay dung méi quan hé “Inq - 1/T” va

két qua duoc trinh bay trén hinh 3.15.
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1.2
Q)
0.8 1
0.4 1 Ing = 1180.9.(1/T) - 2.3535
o R?= 0.9827
k=
0.0 1
Ing = 2692.(1/T) - 5.7961
-0.4 1 R® =0.9842
-0.8 T T T T
0.0018 0.0020 0.0022 0.0024 0.0026 0.0028
Ut

Hinh 3.15. Quan h¢é tuyén tinh Ing theo 1/T cua su hdp phu
meta-xylene trén madu 5Co/AC

D& nhan thay rang, quan hé “Inq - 1/T” trong khoang nhiét do khao sat
cling ¢ hai doan gap khiic (2 doan thang tuyén tinh) (ng véi hai ving hap
phu c6 nhiét hap phu khac nhau:

- Vung hap phu (1) tng véi khoang nhiét do 100 - 150°C c6 nhiét hap
phu AH =-9,82 kJ/mol.

- Vung hap phu (I1) tng véi khoang nhiét ¢6 165 - 220°C c6 nhiét hap
phu AH = - 22,38 kJ/mol.

Mic du, su ¢ mat caa coban oxit ¢d 1am giam nhe dung lwong hap phu
meta-xylene cta than hoat tinh: giam tir 1,31 mmol/g d6i vai chat hap phu AC
xudng 1,23 mmol/g d6i véi chat hiap phu 5Co/AC (su giam nay c6 thé 1a do
mot s6 tam hap phu bi che phi bai coban oxit) nhiét hap phu trén vat liéu
Co/AC khong khac nhiéu so vai nhiét hap phu trén AC nguyén khai. Do do, c6
thé nhan xét rang Co;0, khéng anh huéng nhiéu dén ban chat hap phu cua
meta-xylene trén AC.

Pé khang dinh thém két luan nay, anh huéng cia ham luong Co dén dung
luong hap phu meta-xylene trén mau Co/AC tiép tuc dugc khao sat.

Cac hinh 3.16 (a, b, ¢) trinh bay duong cong thoat ctia meta-xylene trén
cac mau 3Co/AC, 5Co/AC va 9Co/AC.
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Hinh 3.16. Buong cong thoat cua meta-xylene trén
(a) - 3Co/AC, (b) - 5Co/AC va (c) - 9Co/AC. Piéu kién: 0,62g Xuc tac,

W = 2,0 L/h, khi mang la N, C, = 2223 ppm.

Tt cac hinh 3.16 (a, b, ¢), dung luong hidp phu meta-xylene cua 3 vat

liéu nghién ctru dugc xac dinh va dugc trinh bay trong bang 3.4

Bang 3.4. Dung lirong hdp phu meta-xylene trén céc vt liéu Co/AC

Mau

3Co/AC

5Co/AC

9Co/AC

q (mmol/g)

1,25

1,23

1,21

C6 thé thay dung luong hip phu meta-xylene trén vat liéu Co/AC thay
d6i khong dang ké khi thay d6i ham luong Co tir 3,0% dén 9,0%.

Tiéu két:

- Trén AC c6 hai ving hdp phu ing véi hai gia tri nhiét hap phu khac

nhau: ving hdp phy (1) #ng véi AH = - 9,82 + - 11,18 kJ/mol, viing hdp phu
(1) éng Véi AH = - 22,38 + - 24,82 kd/mol.
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+ Trén vung (1) hap phu xdy ra do twong tdc yéu giia phan ti hitu co
(meta-xylene) véi bé mat ngodi cua than hoat tinh béi lwc phan tan hodc luc
Van der waals.

+ O vung (1), hdp phu xdy ra bén trong cac vi mao qudn cua than,
dwoC gy nén bai twong tac xép chong - giira nhan thom cuia meta-xylene
véi hé thong electron n gidi téa cua AC. Chi si hdp phu nay méi co thé
ddn dén bién d@si hoa hoc nén trong lugn an, ving hdp phu nay dwoc goi la
hcfp phu “hoat dong”.

- Sy ¢O Mdt cua cac tam oxit Co3O0y trén AC dnh hucng khéng dang ké
deén tinh chdt hdp phu ciing nhw dung lhwong hdp phu meta-xylene cua than
hoat tinh.

3.3. Nghién citu xir ly meta-xylene bang ky thuat oxi hoa lién tuc trén vt
ligu 5Co/AC
3.3.1. Xdac dinh tdm xuc tac

Tam xuc tac caa qua trinh oxi hda xuc tac meta-xylene trén vat liéu
Co/AC ciling dugc danh gia qua duong cong thoat. Puong cong thoat nay
dugc xay dung tir mdi quan hé gira nong do (C;) cia meta-xylene thoét ra
khoi reactor (chira vat lieu Co/AC) theo thoi gian. Néu chi xay ra qua trinh
hap phu don thuan thi tai trang thai 6n dinh, nong d6 thoat (C;) ludn xap xi
nong do ban dau cia n6 (C,). Néu quéa trinh hdp phu va qua trinh oxi hda xay
ra dong thoi thi tai trang thai 6n dinh, nong do meta-xylene (Cr) ludn nhé hon
ndng do ban dau cua no.

Trén hinh 3.17 trinh bay duong cong thoat cua meta-xylene trén vat liéu
than hoat tinh AC chira 5,0% Co (ki hiéu mau la 5Co/AC) & 180°C trong hai
treong hop: (i) khi mang la N, va (ii) khi mang la khong khi.
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Hinh 3.17. Puong cong thoat ciia meta-xylene trén 5Co/AC ¢ 180°C trong
hai truong hop (1)- khi mang la N,.(2)- khi mang la khong khi

Ttr hinh 3.17 nhan thay rang:

- Khi str dung khi mang 1a N, tai thoi diém t = 180 phat, meta-xylene bat
dau thoat ra khoi reactor. Tai trang thai 6n dinh, t = 300 phit, ndng do cua
meta-xylene thoét ra (C; ~ 2210 ppm) xap xi bang nong do can bang trong
pha hoi ciia nd (néng d6 ban dau C, = 2223 ppm). Diéu nay c6 nghia 13, mic
du than hoat tinh c6 chira coban oxit nhung khong cé oxy khong khi, meta-
xylene ciling chi bi hap phu trén vat liéu ma khong bi chuyén hoa héa hoc.

- Khi sir dung khi mang la khéng khi (chira 20% O,) duong cong thoéat
cling c¢6 dang twong tu truong hop phan tich ¢ trén. Tuy nhién, tai trang théai on
dinh (sau 255 phat), néng do6 meta-xylene thoat ra khoi reactor
(Ct ~ 1709ppm) thap hon ndng do can bang trong pha hoi caa nd (ndng d6 ban
dau C, = 2223 ppm). Nhu vay, da c6 qua trinh chuyén hda meta-xylene trén vat
lieu 5Co/AC hay néi cach khac oxi khong khi di chuyén hoa cac phan tir meta-
xylene trén cac tam xuc tac Co;0,4 ¢ 180°C véi do chuyén hda la:

(%) = % x100(%6) = 222232_22709 100% = 23,12%
(0]
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Theo thoi gian luu d3 tinh muc 2.1.3 (trang 42) thi diéu ndy c6 nghia la
chi sau 1,85 gidy nong d6 meta-xylene trong dong khi qua reactor da giam tir
2223 ppm xuéng 1709 ppm. Phan meta-xylene khong bi chuyén héa héa hoc
(76,88%) s& duoc hap phu trén AC cho dén khi bdo hoa thi thoét ra khoi cot
xuc tac ung véi nong do C, .

3.3.2. Anh hwong cita ham lwong Co (%Co) dén dé chuyén hoa hec cia
meta-xylene

Pé danh gia ham lugng Co anh hudng nhu thé nao dén hoat tinh x(c tac
trong phan ng oxi héa meta-xylene, qué trinh oxi héa meta-xylene trén hai
vat liéu con lai ang véi 3,0 va 9,0 %Co tiép tuc dugc thuc hién. Biéu kién
thuc nghiém ciing twong tu nhu véi mau 5Co/AC.

Hinh 3.18 (a, b) 1la duong cong thoat meta-xylene trén 2 vat liéu

nghién cuu.
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Hinh 3.18. Puong cong thoat cia meta-xylene ¢ 180°C trén mau
(a)- 3Co/AC va (b) - 9Co/AC.
Ttr hai duong cong thoat cua meta-xylene trén vat liéu Co/AC, nong do
ciia meta-xylene tai trang thai on dinh twong tng ddi voi hai mau nghién cau

duoc xéc dinh 1a: % =1837 ppm , va C*° =1720 ppm
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Nhu vay, do chuyén hoa do phan ¢ng oxi héa meta-xylene voi oxy

— 3Co/AC
Co Cf ’

khong khi: U(%0)c0/ac = *100=17,36%

0

_ (~9Co/AC
Co =G *100 = 22,62%

O(’(%)QCO/AC =
o

Trong dé,  a (%): doé chuyén hda cua meta-xylene.
Co.  Nong dé ban dau ciia meta-xylene ( C,= 2223 ppm).
CX*™: néng dg cudi cua meta-xylene sau khi ra khéi reactor dat
gia tri on dinh (nong dé thoét on dinh) déi véi vat liéu 3Co/AC.
C.°“: nong dé cudi cua meta-xylene sau khi ra khéi reactor dat
gia tri on dinh (nong dé thoat on dinh) déi véi vat liéu 9Co/AC.
Hinh 3.19 trinh bay sy phu thudc caa do chuyén hda meta-xylene a (%)

vao ham luong coban trén vat liéu Co/AC.

30

N
(6]
L

Do chuyen hoa (%)
= N
a1 o

[Eny
o
L

0 2 4 6 g 10
Ham luong Co (%)
Hinh 3.19. Quan h¢é giita dé chuyén héa a (%) va ham lwong coban
(3,0%, 5,0%, 9,0%C0) trén mdu Co/AC.
T hinh 3.19 ¢6 thé nhan thay rang, do chuyén héa meta-xylene ting
theo sy tang ham lugng Co tir 0,0% dén 5,0%. Tuy nhién, khi ting dén 9,0%

Co thi d6 chuyén héa hau nhu khong tang. Piéu nay c6 thé duoc giai thich 1a
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do c4c tdm xdc tac hoat tinh nhat nam trong cac vi mao quan, su ting thém
ham lugng Co dén 9,0% chi dan dén sy hinh thanh cac cum coban oxit c6
kich thudc 16n nam & bé mat ngoai cua than hoat tinh nhu da duoc xac dinh
bai anh TEM. Nhitng cum oxit ¢6 kich thuéc 16n nay khéng cd hoac c6 hoat
tinh xdc tac thap.

Tur cac két qua vé dic trung hoa 1y va do chuyén hoa meta-xylene, vat
licu thich hop cho nghién cau tiép theo duoc chon 1a 5Co/AC (ham luong
Co bang 5,0%).

3.3.3. Anh huong ciia nhiét dé dén d¢ chuyén hoa hoc ciia meta-xylene.

Nhiét d6 ciing 13 yéu t6 anh hudng manh dén d6 chuyén hoa meta-xylene
trén vat liéu Co/AC. Anh huéng nay ciing duoc thdy & qua duong cong thoat
cuia meta-xylene.

Hinh 3.20 trinh bay duong cong thoat cuia meta-xylene trén vat liéu
5Co/AC & 4 nhiét @6 khac nhau: 180°C, 200°C, 220°C va 250°C.

2400

-@— 180°C// (O, + m-xylene)
2000 -O~ 200°C// (O, + m-xylene)
=@®= 220°C /I (0, + m-xylene)

1600 1 Q- 250°C // (O, + m-xylene)

£
2 1200
X
O

800

400 -

0« T T
0 100 200 300 400

Thoi gian (phat)
Hinh 3.20. buong cong thoat meta-xylene trén vt lieu 5Co/AC ¢ 4 nhiét do
khéc nhau 180°C, 200°C, 220°C va 250°C.
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Két qua tinh toan do chuyén hoa ciia meta-xylene trén vat liéu 5Co/AC &
cac nhiét do khac nhau dugc trinh bay trong bang 3.5.

Bang 3.5. Dé chuyén hda meta-xylene tgi cac nhiét dg khac nhau

t (°C) 180 200 220 250
o (%) 23,12 28,69 42,10 55,02
r (mmol.gth™) | 4,426 5,260 7,461 9,153

Tbc do cua phan tng ¢ thé duoc xac dinh dwa vao d6 chuyén héa theo
biéu thuc (3.4) [4]:
W 273 P a

r=—. X =.10*(mmolg™.h™ 34
22,4 t+273 qu m ( ] ) 34)

Trong do:

W — luu lwong dong khi (khdng khi + meta-xylene), (W = 2,0 L/h,
duwoc su dung trong lugn an nay).

t — nhiér do phan ung.

Pyq - &p sudat khi quyén (760 mmHg).

Px: &p sudt hoi bao hoa meta-xylene tai 0°C (Px = 1,69 mmHg)

m - khéi lwong vat liéu Co/AC (m = 0,62)

a(%) : @6 chuyén hoa meta-xylene.

Nhu vay, do chuyén hoa meta-xylene va toc do phan ung tGng oxi hoa
meta-xylene trén vat liéu Co/AC tang theo su tang nhiét do.

Tiéu két:

(). Vat lieu Co/AC ¢ kha nang xiic tic cho qud trinh oxi héa meta-xylene
bsi oxy khdng khi ngay ¢ nhiét dg duwdi 200°C. Nhiét dé chuyén hoa nay méi
chi dwoc cong bé trén nhiing xtc tac kim logi quy ddc biét va chua timg duwoc
cdng bé cho nhitng xuc tac duwa trén cac kim logi khac. Két qua vueot tréi cia
vat ligu Co/AC duoc qui két cho nhaing tinh chdr dac biét cia nd: tinh chdt

ludng chite nang hap phu/xic tac. Trong vt liéu nay than hoat tinh déng vai
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tro hap phu, 1am gidu meta-xylene trong cac vi mao qudn béi fuong tic xép
chong - gifka nhédn thom ciia meta-xylene véi hé electron m ciia AC tao nén
cac phuc hoat dong bé mat (AC-X)np. Pong vai tro tam xuc tac la cac cum
coban oxit c6 khd ndang hdp phu wu tién oxy. Bdc biét, si ton tai ciia cac cum
C0304 dang nano kich thiréc sieu nhé nam trong cac vi mao quan cua than
hogt tinh la nhizng tdm hoat dong manh va dong vai tro xuc tac chinh trong
chuyén héa meta-xylene.

(ii). Véi diéu kién thuc nghiém: VHSV = 1936,11 h™, t = 180°C va nong d
dau ciia meta-xylene C, = 2223 ppm, chuyén hoa ciia meta-xylene dat 23,12%.
3.4. Nghién ciru dé xuit co ché va thiét 1ap phwong trinh téc do phan \ng
oxi hoa meta-xylene.

3.4.1. Xdc dinh mién dpng hoc

Phéan tmg xtc tac di thé xay ra trén bé mat vat liéu ran bao gf’)m cac
giai doan:

- Khuéch tan cac chat tham gia phan ing dén bé mit chat xuc tac.

- Cac chat tham gia phan ung khuéch tan vao bén trong cac mao quan
ctia chét xtc tac.

- Hap phu héa hoc trén cac tAm xuc tac.

- Phan ung héa hoc xdy ra trén bé mat chét xuc tac.

- Khir hép phu san pham ra khéi bé mit chat xuc tac.

- Khuéch tan san phim vao trong dung dich.

Trong s cac giai doan trén, giai doan nao chdm nhat s& quyét dinh toc
d6 phan tng cta ca qué trinh. Dua vao co so ndy, c¢6 thé chia cac mién phan
ung nhu sau:

- “Mién khuéch tan”: @6 1a truong hop khi khuéch tan 1a giai doan cham
nhét va téc d6 khuéch tan quyét dinh tdc do cua ca qua trinh.

- “Mién dong hoc”: d6 1a trudng hop phan tng hoa hoc trén bé mat chét
xuc tac 12 giai doan chdm nhat va téc do ctia qua trinh nay s& quyét dinh toc

dd cua ca qua trinh.
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- “Mién qua d6”: khi toc d6 ctia qua trinh khuéch tan va toc do ciia phan
g hoa hoc trén bé mit chat xuc tac bang nhau thi mién phan (mg dugc goi
1a “mién qua d6”. Poi voi nghién cru dong hoc, diéu quan trong 14 phan ung
dugc thuc hién trong mién dong hoc. Mién dong hoc cua mdt phan trng hoa
hoc duoc xac dinh theo mdi quan h¢ cua tbe do phan tng voi thoi gian luu F
cua cac khi tham gia phan rng qua 16p xtc tac [37]. Trong d6, thoi gian luu
c6 thé duogc tinh dya vao toc do khong gian thé tich VHSV ( F = 1/VHSV).
Néu khong c6 sy can tré ctia khuéch tan thi tbc do phan tmg s& tuyén tinh véi
thoi gian luu F trong mién dong hoc. Hay néi cach khac, trong mién dong
hoc, toc dd phan tng la mot ham tuyén tinh ctia F. V& mat thuc nghi¢m, dé
thay d6i gia tri ctia F hodc VHSV, ¢6 thé giir nguyén khdi luong chét xuc tac
m con bién d6i luu luong dong khi W hodc nguoc lai. Trong luén an nay, khoi
lugng vat li¢u xtc tac (m = 0,62g) duoc gitr nguyén va luu lugng dong khi W
thay d6i tir 1,5 L/h dén 3,0 L/h. Viéc xac dinh mién dong hoc dugce tién hanh
& ba nhiét do 180°C, 200°C va 235°C. Két qua thu dugc duogc trinh bay trong
bang 3.6.

Bang 3.6. Sur bién thién toc do phan ing theo lwu lwong dong khi

tai ba nhiét do nghién cuu

Téc d) phan vng r
W VHSV F (mmol.g™.h™)

(L/h) (h™) ) | 180°c | 200c | 235°C
15 145161 248 | 467 | 597 10,65
2.0 1936,11 186 | 412 | 508 8,66
25 241935 149 | 388 | 438 7.07
3.0 2003,22 124 | 369 | 4,09 6.38

Tir bang 3.6 c6 thé xay dung mdi quan hé giita tdc do phan tng (r) cua
meta-xylene vé4i oxy theo thoi gian luu F (S) cia meta-xylene va oxy trén mau
5Co/AC (hinh 3.21, hinh 3.22 va hinh 3.23).
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Hinh 3.23. Quan hé tuyén tinh giita r va F (s) tai 235°C
Tir cac hinh 3.21, hinh 3.22 va hinh 3.23 nhan thay quan hé giira téc do
phan ing cua meta-xylene véi oxy va thoi gian luu cua ching trén 16p vat licu
Co/AC tai ba nhiét d6 nghién ctru 180°C, 200°C va 235°C déu 13 quan hé
tuyén tinh trong diéu kién 0,62 g vat liéu, luu lugng dong thay d6i tir 1,5 L/h
dén 3,0 L/h. Piéu d6 c6 nghia 1a phan tmg oxi hoa clia meta-xylene bai oxy
trén vat lieu Co/AC trong diéu kién thi nghiém ma luan an thiét lap xay ra

trong mién dong hoc. Téc do ciia phan trng hoa hoc xay ra trén bé mat vat li¢u
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s& 1a tbc do cua ca qua trinh.
3.4.2. Pé Xuit co ché phan ing

Tt nhitng phan tich vé& cac két qua dic trung vat liéu va tinh chat hap
phu trong muc 3.1 va muc 3.2 c6 thé thay ring: meta-xylene va O, hap phu
khéng canh tranh nhau ma wu tién trén hai loai tdm khac nhau cua vat liéu
5Co/AC tao ra cac phtc bé mat hoat hoa.

Co ché cua qué trinh oxi héa meta-xylene dugce dé nghi nhu sau:

Xy + ACyH == (AC-X)np (3.5)
Oy + C0304 == (C0304-O2), (3.6)

(AC-X)np + (C0:04-O)p == (C0:0,-0-0-X) +®  (3.7)

(C0304-0-0-X) —% aCO, + bH,0 + C0s0, (3.8)
Trong do: X: meta-xylene  e: tdm hdp phu dwoc gidgi phong
(AC-X)hp, (C0304-O2)p VA&  (C0304-0-0-X): cac dang hdp phu cia
meta-xylene va oxy trén vat liéu Co/AC.

Gia thiét rang, giai doan (3.8) 1a phan ung bé mat xay ra cham hon cac
giai doan (3.5), (3.6), (3.7) nén la giai doan quyét dinh téc d6 cua phan tng
oxi héa meta-xylene.

Phuong trinh téc d6 duoc biéu dién dudi dang:

r=k,.0 (3.9)

+Oghuc

Trong d6, k, 12 hang s6 toc d cua giai doan 4 (3.8) va Oyn, 12 phan bé
mat vat liéu 5Co/AC bi hap phu boi phtic (Co30,-0-0-X).

Trong diéu kién phan tng, ap suat oxy 16n, nén téc d6 giai hip phu k.
nho, vi thé & giai doan (3.6) théng s6 0o, = const (B, 1a phan bé mat vat liéu
5Co/AC bj hap phu bai oxy).

Tu (3.7), ta lai co:
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0, =K,0.,0, (3.10)

phuc

L . k
(Vi 0x : phan bé mat vat liéu 5Co/AC bi hap phu bsi meta-xylene; K, = k—3).
-3

Mt khac, theo dong hoc cua phan ng xuc tac di thé:
KX 'PX

0, =0 —>—>*— 3.11
=Ty K,.P, 3.11)
k
(Véi Ky =)
k—1
K..P
Nhu Vély, r= k4-K3.902 q, ﬁ (312)
AP
5 [=—— X 3.13
Hoge 1+K P, (3.13)

Trong do, A = k4.Ks3 .00z, o -Kx.

Néu &p suat hoi meta-xylene du nho sao cho Kx.Px << 1, ta co:
= AP, (3.14)

Phan g c6 bac 1 vai meta-xylene, bac 0 d6i voi O,

Néu &p suat hoi meta-xylene du 16n sao cho Kx.Px >>1 thi:

A
K

r =

= ki, (3.15)

x

Trong d6, kyx 1a hang s toc do biéu kién.

Phan ng bac 0 dbi véi meta-xylene va bac 0 d6i vai O,.

Nhu vay, tly theo su bién ddi cua Px dugc st dung trong phan ¢ng ma
bac phan tng oxi hda meta-xylene trén vat liéu 5Co/AC thay doi tir 0 dén 1
d6i voi meta-xylene.
3.4.3. Xdc dinh thwc nghiém bdc phdn rng

Nhu d3 chi ra & trén rang tly theo ap suat can bing Px ma bac phan ung
s& bién doi tir 0 dén 1 twong Gng voi gid tri 16n nhat va gia tri nho nhat cua &p

suat meta-xylene. Do d6, phuong trinh téc do caa phan ang con cd thé viét
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dudi dang r=k,.P (3.16)
Vi n la bac phanimg, n=0 — 1
Tu phuong trinh (3.16) bac phan ing thuc nghiém dugc xac dinh nhu sau:
Inr=Ink,, +nInP, (3.17)

Thuc hién céc thi nghiém oxi hoa meta-xylene trén vat liéu 5Co/AC véi
Ccac ap suit rieng phan meta-xylene (P,) khéac nhau, xac dinh tbc d6 phan &ng r
va thiét 1ap biéu d6 “Inr - InPx”.

Céc so lieu thuc nghiém veé toc do phan ng r & nam &p suat riéng phan
khac nhau cua meta-xylene (P,) tai bén nhiét d6 nghién ctu 180°C, 200°C,
220°C va 235°C duoc trinh bay trong bang 3.7.

Bang 3.7. Quan h¢ gifa téc dp phan ng r va ap sudt Py

Ap suit Py Toc dd phan &ng r
(mmHg) (mmol.g™*.h™

180°C 200°C 215°C 235°C
0,845 3,788 4,290 6,032 1,272
1,267 4,148 4,893 6,667 8,128
1,695 4,422 5,240 7,149 8,639
2,512 4919 5,695 7,812 9,635
3,330 5,281 6,100 8,423 10,260

Tur két qua & bang 3.7 xay dung quan hé “Inr-InPyx”. Két qua duoc trinh
bay trén hinh 3.24, hinh 3.25, hinh 3.26 va hinh 3.27.
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Hinh 3.26. Quan h¢ tuyén tinh
“Inr - InPy” ¢ 220°C
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T
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Inr=0.2504.InPx + 1.5137
R%=0.9914
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Hinh 3.25. Quan hé tuyén tinh
“Inr - InPy” ¢ 200°C.
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Inr = 0,2526.InPx + 2,0274
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Hinh 3.27. Quan h¢é tuyén tinh
“Inr - InPy”” ¢ 235°C

Trén hinh 3.24, hinh 3.25, hinh 3.26 va hinh 3.27 cho thay quan hé “Inr -
InPyx” déu 1a quan hé tuyén tinh tai 4 nhiét 6 nghién ctu. Gié tri bac phan

g n tinh dwoc déu xap xi 0,25 véi hé sé trong quan R? > 0,99. C4c gi4 tri

hang s6 téc do biéu kién (ky) ciia phan (ng tai bén nhiét d6 ciing duoc tinh

toan va dugc trinh bay trong bang 3.8.
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Bang 3.8. Gia tri hang sé téc dé biéu kién cua phan ing tai
180°C, 200°C, 220°C va 235°C

t(°C) 180 | 200 220 235
In Kok 1,366 1,514 1,837 2,028
kbk
3,919 4,543 6,277 7,598
(mmol.g™. h.mmHg ™%

Nhu vay, phuong trinh toc do caa phan tng oxi hda meta-xylene bang

oxy khong khi trén vat liéu 5Co/AC c6 dang la:
=k, P2 3. 18)

Phuong trinh (3.18) chtng to rang, trong diéu kién thuc nghiém da
cho, tdc do phan &ng oxi héa meta-xylene trén vt liéu 5Co/AC khdng phu
thudc nhiéu vao &p suat riéng phan cua meta-xylene.

Nhu vay, viéc phan tich sé liéu thuc nghiém thu duoc dan dén nhiing
nhan dinh sau:

(i) Qua trinh oxi hoa meta-xylene trén vt liégu Co/AC xdy ra trong mién
dong hoc .

(ii) Phdan u#ng oxi hoa xuc tac meta-xylene tuan theo co ché Langmuir-
Hinshelwood. Bdc ddng hoc cua phdan ing oxi hoa thay doi tir 0 - 1 tly theo
ap sudat cua meta-xylene trong hon hep khi phan uing.

(iii). Phwong trinh dong hoc thyc nghiém cua qué trinh oxi hoa cé dang:
r=k, Pe™véi bac dong hoc la 0,25 doi véi meta-xylene.

3.5. Nghién ctru xir Iy VOCs (meta-xylene) bing k§ thuit hap phu/xic
tac trén vt liéu Co/AC & nhiét do thap (180 - 200°C)

Nhu két qua & phan 3.3.1 cho thay véi ky thuat oxi héa dong lién tuc (ky
thuat mot giai doan): vat liéu 5Co/AC di chuyén hoa 23,12 - 28,69 % meta-
xylene & khoang nhiét do 180 - 200°C trong khoang thoi gian rét ngan 1,85
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gidy va téc do khong gian thé tich VHSV = 1936,11 h™. Phan meta-xylene
chua chuyén héa (oxi hoa x(c tac) sé bi hap phu trén AC. Néu chi ding & két
qua nghién ctu ndy thi vat liéu Co/AC chua c6 tinh kha thi do d6 chuyén hda
con khé thap. Do d6, luan an dat van dé nghién cau ki thuat hap phu/xuc tac
trong xtr ly meta-xylene. Khac vai oxi héa dong lién tuc, trong do6, oxy khong
khi va meta-xylene duoc dan ddng thoi qua chat x(c tac tai nhiét do phan
tng, trong ky thuat hap phu/xuc tac, qua trinh xir Iy meta-xylene duoc thuc
hién hai qua giai doan: (i), hip phu meta-xylene trong khoang thoi gian t, va
(i), oxi hoa lugng meta-xylene bi hap phu.

3.5.1. Ky thudt hdp pha/xuc tac

Hinh 3.28 12 md hinh mé ta ky thuat hip phu/xtc tac dé xu ly meta-
xylene tai 180 - 200°C.

- Pau tién, dong khi (gdm khong khi va meta-xylene) duoc hap phu trén vat
liu Co/AC trong mot khoang thoi gian t, (t, < t,, t, 12 thoi gian bat dau quan sat
thay meta-xylene thoat ra khoi reactor duoc xac dinh tir duong cong thoat).

- Ngung cap dong khi. Két qua nhan dugc 1a mét cot hap phu meta-
xylene ABCO (biéu dién bai duong gach chéo va cham cham, hinh 3.28a).

- Sau d6, khong khi duoc théi qua phan da hap phu dé oxi hoa.

Hinh 3.28b 1a mé hinh biéu dién hiéu suat oxi hoa xudc tac phan meta-
xylene da hap phu trén than hoat tinh.

Van dé 1 can xac dinh thoi gian t, nhu thé nao dé giai doan oxi hoa dat
hiéu suat xur Iy meta-xylene 100%? Thoi gian t, cang 16n cang tét nhung phai
thoa mén diéu kién nho hon thoi gian t,. Nhu vay, t, chinh 1 diém “mbc” dé
xac dinh t,.

Dudi day trinh bay viéc x4c dinh ty tai hai nhiét do phan ung 180°C va
200°C.
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Hinh 3.28a. M6 hinh md ta sy hap Hinh 3.28 b. Hiéu suat oxi
phu trong dong khi (khéng khi + meta- hoa xuc tac phan meta-xylene da

xylene) trong khoang thoi gian t. hap phu trén AC sau thoi gian t,.

3.5.1.1. Xdc dinh thoi gian hdap phu t, ¢ 180°C.

Thuc nghiém dugc tién hanh nhu sau:

Vi két qua xay dung duong cong thoat ciia meta-xylene trén 5Co/AC ¢ trén
cho thoi gian t, = 150 phut nén thoi gian t, dugc chon la 100 phat va 120 phut

- Bwéc 1: Giai doan hdp phu: thoi dong khi (khong khi + meta-xylene)
qua cOt vat liéu 100 phat (hoac 120 phat).

- Bwéc 2 - giai dogn oxi h6a phan meta-xylene bj hdp phu trén bé mt
than hogt tinh sau théi gian hdp phu t,

Dung oxy khong khi théi tryc tiép vao 16p vat liéu da hap phu meta-
xylene & budc 1 vai luu lugng dong khong khi W = 2,0 L/h trong khoang thoi
gian 250 - 350 phat.

Sau khi két thac giai doan oxi hoa, dé biét meta-xylene di bi oxi hoa hét
chua, N, duoc thoi qua hé dé “dudi” meta-xylene néu con lai trén bé mat vat

lieu. Két qua duoc trinh bay trén cac hinh 3.29.
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Hinh 3.29. Luong meta-xylene con lai sau giai doan oxi héa & 180°C
a- Ung véi t, =100 phGt  b- Ung véi t, = 120 phut
C6 thé d& dang nhén thiy sau giai doan oxi hoa boi oxi khong khi, ndng
d6 meta-xylene thoat ra khoi reactor hau nhu rat nho, dudi 100ppm, (thdp hon
tiéu chuan duoc phép thoat ra ngoai khong khi ctia meta-xylene < 200 ppm.
Piéu nay ching to oxy khong khi di oxi héa gan nhu hoan toan meta-xylene
trong 16p hap phu bé mit.
Tinh phan dién tich dudi dudng cong S, két hop véi biéu thirc (3.19):
W(L/h). S(ppm.ph(it).10™°

X}, = Gotpnaen). 22.4Lmmor 107 mg M 8 @19

S€ xac dinh duoc Iugng meta-xylene con lai sau giai doan oxi héa.
Trong biéu thirc (3.19),

W- lieu lwong dong khi Ny khir hdp phu (L/h).

S- dién tich gidi han boi dwong khir hdp phu va truc hoanh
(biéu th; thoi gian) duroc tinh theo phan mém origin.

m - khoi lwong vt lidu hdp phu/xiic tac dd ding.

Luong meta-xylene con lai sau giai doan oxi hoa trong truong hop ty =
100 phat la [X] = 0,0076 mmol/g va t, = 120 phut la: [X] = 0,0303 mmol/g.
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DPé x4c dinh hiéu suét cua qua trinh oxi hoa, can xac dinh duoc luong
meta-xylene di bi hap phu & budc 1. Lip lai bude 1, sau d6 khir hip phu
meta-xylene boi N,.

Hinh 3.30 va hinh 3.31 mé ta duong kha hip phu cia meta-xylene.

800
800 1 @ Hap phu 120 phut

= -@- Hap phu 100 phut
€ 600 R
g £
; & 600 ]
]
3400 :

E 400
: 3
g o
5 200 £
’ %200

: ' ' ' ' Y S S S B N
0 50 100 150 200 250 0 900 50 20 % 00 350
Thoi gian (phut) oigan

Hinh 3.30. Meta-xylene bj khir hdp ~ Hinh 3.31. Meta-xylene bi khir hip
A _ ryo2 (o}
phu (hap phu t, = 100 phut ¢ 180°C). phu (hdp phu t, = 120 phiit ¢ 180°C).
Tinh phan dién tich dudi dudng cong S, két hop véi biéu thic (3.19):

, —6
[X], = — WL/ SEEmPNI)10”___pory 1 (319)
" 60(phat.h™). 22.4(L.mmol™).10"°.m(g)

S& xac dinh dugc luong meta-xylene bi hap phu. Két qua chi ra trong
bang 3.9.
Bang 3.9. Luong meta-xylene bi hap phu sau thoi gian t,

t, (phat) [X]5, (mmol.g™)
100 0,223
120 0,321

Nhu véy, hiéu suit ciia qua trinh chuyén hoa héa hoc meta-xylene trong
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16p hap phu bé mat khi t, = 100 phit 12 96,55% va khi t, = 120 phdt 1a
90,55%. Két qua nay din dén thoi gian t, dugc lua chon 13 100 phut. Pay 1a
khoéng thoi gian hip phu ma luong meta- xylene trén bé mit khong qua 16n dé
dam bao hiéu suat oxi hoa dat xap xi 100%. Néu chon t, nho hon gia tri nay thi
hiéu suat xur 1y thap, s& khong dat hiéu qua kinh té néu ap dung thuc té.

Vé thoi gian oxi héa, mic du thi nghiém dé thoi gian oxi hoa tir 250 -
350 phut nhung c6 thé thay rang ngay sau khoang thdi gian 60 phat, ndng do
meta-xylene da giam xudng dudi muc cho phép va sau d6 khong giam thém
nita. Vi thé c6 thé thiy thoi gian oxi hoa trong k¥ thuat hai giai doan ngan hon
so voi1 ky thuat oxi héa dong lién tyc.
3.5.1.2. Xdc dinh thoi gian hdp phu t, ¢ 200°C

Thuc nghiém khao sat thoi gian hap phu t, & 200°C ciing dugc tién hanh
twong ty nhu & 180°C.

O 200°C, vi t, dugc x4c dinh tir duong cong thoat 1a 120 phut, bai thé
hai khoang thoi gian t, duoc lya chon dé khao sat 14 80 phut va 100 phuit.

Luong meta-xylene bi hap phu sau thoi gian t, = 80 phat va
t, = 100 phit ¢ 200°C ciing dugc xac dinh dua vao quan hé ndéng do
meta-xylene bi khtr hap phu theo thoi gian (hinh 3.32 va hinh 3.33). Két qua

thu duoc la:
(i) Khi thoi gian hap phu t, = 80 phat:  [X]°,, = 0,218 mmol/g.

(ii) Khi thoi gian hap phu t, = 100 phat:  [X]°,» = 0,331 mmol/g.
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Hinh 3.32. Meta-xylene bi khir hap  Hinh 3.33. Meta-xylene bj khir hap
phu (t, = 80 phut) phu (t = 100 phut).

Luong meta-xylene con lai sau giai doan oxi héa la [X] =0,0016 mmol/g
véi t, = 80 phat va [X] = 0,0019 mmol/g vai t, = 100 phat (hinh 3.34).
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Hinh 3.34. Luong meta-xylene con lai sau giai doan oxi héa 6 200°C
a - Ung vdi ty = 100 phit), b- Ung véi ty = 120 pht) ’
Do d6, hi€u suat cua qua trinh chuyén hdéa meta-xylene trong 16p hap

phu bé mat la:
().  H=99,22% khi thoi gian hap phu t, = 80 phit.
(i)). H=99,32% khi thoi gian hap phu t, = 100 pht.
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Nhu vay, v6i ki thudt hap phu/xuc tac, vat liéu Co/AC xir Iy meta-xylene
v6i hiéu suit cao hon nhiéu va thoi gian ngin hon so voi k¥ thuét oxi hoa xuc tac
trong dong lién tuc (do chuyén héa chi dat 23,12 - 28,69% & 180 - 200°C). Thoi
gian hap phu t, dat hiéu suat xtr Iy t6t nhat 1a t,= 100 phat & 180°C va
t,= 80 phut & 200°C.

3.5.2. Péng hoc phdn i#ng oxi hoa meta-xylene trong lép hdp phu bé mdt

Phan ng oxi hda meta-xylene trén 16p bé mat duoc gia thiét Ia:

(meta-xylene)p, + (Oz)np — CO, + H,0 (3.20)

Vi toc do cua né c6 thé biéu dién nhu sau:
—d[x]“p—k X" .[o,T 3.21
r‘T_ bk'[ ]hp'[ z]hp (3.21)

Trong d6, m va n la bdc cua phdn itng doi véi meta-xylene va oxy.
[X]np V& [Ozlnp ldn heot la lwong meta-xylene va oxy bi hap
phu trén bé mat vat liéu 5Co/AC.
Vi néng d6 O, rat I6n so véi meta-xylene, do do, co thé xem [Oy]y, =

const, va k.[O, ]:p = const = k,, (Kox = hang s6 toc d¢ biéu kién):

r =Ky [X]] (3.22)

Pé xac dinh thuc nghiém phuong trinh (3.22), can phai xac dinh [X]y, tai
cac thoi diém phan tng khac nhau, nhu sau:

- Bu6c 1: Thuc hién hiap phu meta-xylene trén vat liéu 5Co/AC
(m =0,629) ¢ t = 180°C, véi luu luong dong khi (meta-xylene + khong khi)
W = 2,0 L/h trong thoi gian hap phu t, = 100 phut.

- Budc 2: Ngung cap dong khi (khdng khi + meta-xylene).

- Buéc 3: Dan dong khong khi qua vat liéu 5Co/AC da hap phu meta-
xylene & bugc 1 dé thyuc hién qua trinh oxi hda trong thoi gian 10 phut. Sau do,
dan dong khi tro N, (100%) qua dé khir hap phu tat ca cac phan tir meta-xylene
chwa phan tng con nam lai & cac tim hap phu dé xac dinh nong d6 meta-xylene
bé& mat con lai sau 10 phat phan ¢ng (hinh 3.35).
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- Cac thao tac (budc 1, budce 2, bude 3) dugc 1ap lai lién tuc, chi khac thoi gian

oxi hda ¢ giai doan oxi hoa (budc 3) 1a: t = 20 phut, t = 30 phdt va t =40 pht.

Trén hinh 3.35 1a mo ta ndng d6 meta-xylene bi khir hap phy sau budc 3 dé

xac dinh ndng d6 meta-xylene con lai sau mdi mét thoi gian t ciia qué trinh oxi hoa.

400 1
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400
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Hinh 3.35.

(a): Nong dg meta-xylene bj khit hap phu béi N, sau 10 phat phdan ing.
(b): Nong dé meta-xylene bi khit hap phu béi N, sau 20 pht phdn sng.
(c): Nong dé meta-xylene b khir hdp phu béi N, sau 30 phut phan sng.
(d): Nong dé meta-xylene bi khit hap phu béi N, sau 40 phut phdn sng.
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Tu hinh 3.35 dwa vao biéu thac (3.19) c6 thé xac dinh lugng
meta-xylene con lai chua phan ng trng vaéi cac thoi gian oxi héa khac nhau:
10, 20, 30 va 40 phut. Két qua dugc trinh bay trong bang 3.10.

Bang 3.10. Téc dé cua phan ing oxi hda (meta-xylene) tqi t = 180°C trén

vat lieu 5Co/AC theo thoi gian

, Nhiét @ 180°C
t{phtin [X]hp.107 r,.10° In[X],,-10"* Inr,.10”
0 32,14 7,69 -113,50 - 489,29
10 24,80 5,12 -139,43 - 527,30
20 20,03 3,33 -160,78 - 570,39
30 18,09 2,38 -170,93 - 604,03
40 16,90 2,00 -177,78 - 621,46

Tir s6 liéu cua bang 3.10, c6 thé thiét 1ap do thi phu thudc caa ndng dod

meta-xylene (hinh 3.36).

0.35

0.30 A

[XIpp(mmolig)

0.10 T T T T
0 10 20 30 40 50

Thoi gian (phat)
Hinh 3.36. Méi quan hé gia nong dé meta-xylene theo thoi gian
phan #ng khac nhau tgi 180°C
Téc do tac thai r,, duge xac dinh theo phuwong phap tiép tuyén [56]. Céc

két qua tinh toan duoc chi ra trong bang 3.10.
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Tur phuong trinh (3.22), ta co:
Inr,, =Ink, +min[X] (3.23).
Tur cac sb lidu & bang 3.10 c6 thé thiét lap db thi biéu dién méi quan hé

tuyén tinh theo phuong trinh (3.23) nhu trén hinh 3.38.

-4.4

4.8

-5.2 1

Inr

-5.6 1

Inr = 2.0932. In[X],,, - 2.4278

-6.0 1 R?=0.9813

-6-4 T T T T T T T
19 -18 -17 -16 -15 -14 -13 -12 -11
In[X]

Hinh 3.37. D6 thi “Inry, - IN[X]n,”
Tt hinh 3.37 nhan dugc hang s tée do biéu kién ky = 0,089 (mol™.g*.h™)
va bac cua phan tng m ~ 2.

Do d6, tir cac két qua thuc nghiém da xac nhan ring phan @ng oxi hoa
meta-xylene xay ra trong l6p hap phu bé mit 1a phan tng bac 0 d6i véi O,,
bac 2 ddi véi meta-xylene hap phu, ¢ dang:

o =k [XT, (3.24)
Dya vao phuong trinh (3.24) c6 thé tinh toan thoi gian can thiét dé thuc

hign chuyén héa mot lugng meta-xylene hap phu ban dau [X] dén nong do
[X],, mong muon (d¢ dam bao an toan cho moi truong) theo sy bién doi tu

biéu thtc (3.24) dén biéu thic (3.30).
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That vay, tir phuong trinh (3.24) ta co:
d[)<]hp

- dt = kbk '[X]hp2 (3.25)
d[x
-[[X]—]“g =k, dt (3.26)
hp
[X]t d X t
- [_]h;: [kt (3.27)
o, Kl
[X]
I R (3.28)
- bk - .
DXk
1 1
{WW] =Ky t (3.29)
t 0
t :F_i} 1 (3.30)
[XI, Xl | K '

Do d6, tir (3.30), ching ta cé thé tinh toan dugc thoi gian oxi hda
trong 16p hap phu bé mat va co thé thiét ké cac heé thiét bi xir Iy VOCs dat
d6 chuyén héa 100% & nhiét @6 kha thip < 200°C theo mét md hinh tdi uu
mong mudn.

3.5.3. Thdo ludn vé co ché phén teng oxi héa meta-xylene véi O k)-
Nhu & muc 3.4.3, chiing ta di xac dinh phuong trinh téc d6 phan tng oxi

hoa meta-xylene trén vt liéu x(c tac 5Co/AC trong diéu kién dong lién tuc 1
r=Kk, .Py*

Va co ché phan tng ciing di duoc dé nghi nhu muc 3.4.2.
Néu ap dung k¥ thuat hap phu/xtc tac hai giai doan phwong trinh toc do

timra la:

2
r= kbk.[x]hp
Két qua d6 chiing té rang, phan wng meta-xylene tuan theo mot co ché

khac véi co ché di dé xuat cho ky thuat dong lién tuc.



97

C6 thé dé nghi co ché hap phu/xdc tc oxi héa bé mat d6i vai meta-
xylene nhu sau:

(i), Cac phuc hap phu (X-AC)p, dugc hinh thanh trong cac vi mao quan
nho cac twong tac xép chong n-w, tac dung véi cac tdm phuc xdc tac (Co30.-
O2)np theo phuong trinh phan tng:

2(X—-AC), +(C0,0,-0,) —==(X,-Co0,0,-0,) +2AC (3.31)

hp hp K.y

(i), Sau d6, X, va O, trong ndi cau phic (Xp-C030,4-0y)y, twong tac voi
nhau dé tao ra CO, va H,0:
(X, ~C0,0,~0,), —<—a CO, +b H,0+Co,0, (3.32)

h
Gia thiét rang, giai doan (3.32) 14 cham nhat va quyét dinh téc o6 phan
ng bé mit :

(X2 )hp + (02 )hp e COZ + HZO (333)
Do do, ta co:
doe
r-pubm = E = k2 'ephuc (334)

Trong d6, Oy 12 phan bé mat vat lisu 5Co/AC bi hap phu bsi phirc
(X5-C0304-02)pp, Va k; 12 hang s6 toc do cua giai doan (3.32)

Vi rang:
0 k
=L =K 3.35
eoz'ex2 k—l 1 ( )
N&n Oy = K,.00,0,° (3.36)

Véi 00, va 0x la lan luot phan bé mat vat liéu 5Co/AC bi hap phu boi
OXy va meta-xylene va K, .0, = const.
Mt khac, theo dong hoc cua phan ng xuc tac di thé:
K,.P
0, = d >
1+ K, P,

2

. 2 K,.P
Khi ay, =k,.K.0,,.| q,.—2—2%— 3.37
ay r=K;.K:-9, (qo 1+ Kx-ij ( )
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2

Néu gia thiét Kx.Px << 1 va dat k, =k,.K,.0,,.9," K},
Thi phuong trinh téc d6 s& ¢6 dang :
Eoom = Koge(Px ) (3.38)

Phuong trinh dong hoc (3.38) kha trung hop véi phuong trinh thuc
nghiém (3.24).

Nhu vay, tir cac két qua nghién ciu cho thay:

- Bang ky thuat hap phu/xuc tac (ky thuat hai giai doan) va st dung vat
lieu ludng chirc nang hap phu/xic tac Co/AC da xu ly hiéu qua meta-xylene
véi hiéu suat 96 - 99% vai thoi gian hap phu t, = 100 phat ¢ 180°C va
t, = 80 - 100 phat & 200°C va VHSV = 1936,11 h™.

Co ché cua qué trinh oxi hoa meta-xylene béi oxy khong khi ciling dua
trén hai gia thiét: (i), O, hip phu wu tién trén tim Co;04 dudi dang phan tu
0, (C0304-0Oy)pp Va (i), meta-xylene hip phu wu tién trén cac tim than hoat
tinh AC, hai phirc hap phu (X-AC)p, cling két hop véi mot phic (Cos0,-
O2)np dé tao ra mot phirc bé mat mai (X,-C0304-0,)pp, phan tng gitta X va
O xay ra trong phac hap phu. Phuong trinh dong hoc dwoc tim ra véi

Kok = 0,089 (mmol™.g*.h™), kha phi hop véi thuc nghiém 1=k, [X],
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KET LUAN

Trén co so cac két qua da trinh bay trong luan an, co thé rit ra cac két
luan nhu sau:

1. b tong hop thanh cong vat liéu ludng chirc ning hap phu/xdc tac trén
co s coban oxit va than hoat tinh Tra Bac. Vat liéu duoc dénh gia dic trung hoa
ly bang cac ky thuat TEM, BET, TPR-H,, XPS va TPD-O,. Két qua cho thay:
coban oxit phan tan trén AC ¢ dang C0304. Cac cum Co30,4 nano siéu nhé phan
tan trong cac vi mao quan cua AC 14 cic tim c6 hoat tinh xuc tac tot cho qua
trinh oxi hdéa meta-xylene. Cac cum hat coban oxit kich thude 16n ~ (20 - 25
nm, mau chira 5,0%Co) phéan tan khd déu din trén bé mit ngoai ctia AC.

2. Pbi nghién ctu tinh chat hap phu meta-xylene trén than hoat tinh va
két qua cho thdy trén than hoat tinh c6 hai ving hip phu riéng biét tuy thudc
khoang nhiét do va ng véi hai gia tri nhiét hdp phu khiac nhau. Su hap phu
clia meta-xylene trén than hoat tinh duoc gia thiét 1a do twong tac xép chong
n-n va khong bi canh tranh bgi oxy khong khi. Su ¢ mat cua Cos04 lam giam
khong dang ké dung luong hap phu caa than hoat tinh.

3. B3 nghién cau qua trinh oxi hda meta-xylene bang oxi khong khi trén
vat liéu ludng chirc nang Co/AC theo k¥ thuat oxi hdéa mot giai doan. Do
chuyén hdéa meta-xylen dat 23 - 55% ¢ 180 - 250°C & diéu kién
VHSV =1936,11 h™ Iuu luong dong khi W = 2,0 L/h.

4. Pa @& xuat ky thuat hap phu/xdc tac (ky thuat oxi hoa hai giai doan)
két hop vai sir dung vat liéu ludng chire ning hap phu/xic tac Co/AC dé xir ly
meta-xylene véi hiéu suit 99% trong khoang nhiét 6 180 - 200°C va VHSV
=1936,11 h™.

5. ba dé xuat qué trinh oxi hoa xuc tac meta-xylene xay ra theo co ché
Langmuir-Hinshelwood, trong d6 meta-xylene dwoc uu tién hap phu trén than

hoat tinh va Co30, dong vai trd 1a tam hoat tinh, wu tién hap phu oxy khdng khi.
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6. Bong hoc cua phan tng oxi hoa xuc tac meta-xylene la khac nhau
khi ky thuat thuc hién khac nhau. Véi ky thuat dong lién tuc, phuong
trinh dong hoc c6 dang r =k, .P*. Trong khi véi k§ thuat hap phu/x(c tac

hai giai doan, dong hoc cua phan wng theo qui luat bac 2 déi véi

2

meta-xylene =Kk, [X] .
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