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TOM TAT

Vat lieu nano dugc biét dén tir nhimg ndm cudi thé ky 20 va su ra ddi cla loai vat liéu nay da danh
dau mot budc tién I6n trong linh vuc nghién ctu khoa hoc tng dung vat liéu. Tuy nhién, cho
dén hién nay, vat liéu nay van la déi tugng dugc tap trung nghién ctu. Cac nghién ctu chd yéu
hudng dén phuong phap téng hap, theo dé phuong phap téng hgp carbon nano éng tir ngudn
khi hydrocarbon dau khi véi su cé mdt clia xUc tac va dac biét la cac nghién clu lién quan tac
déng clia hé nano dén cac dinh luat vat ly, hda hoc, co hoc dang dugc dp dung trong cac hé vi
mo (vat liéu khoi) va vi mé (nguyén ti, phan t). Trong ndi dung bai bdo nay, chiing téi trinh bay
két qua nghién cuiu téng hop vat liéu carbon nano tir ngudn nguyén liéu khi hda 16ng (Liquefied
petroleum gas, LPG) bang phuong phap két tu hoa hoc pha hai (Chemical Vapor Deposition, CVD)
vdi xUc tac Fe/y—Al, O3 va xem xét kha néng hap phu phenol dé trong pha l6ng béng vat liéu téng
hop dugc. Két qua nghién clu chi ra rdng, vat liéu téng hop clia nghién clu la carbon nanotubes
thudc dang 6ng da tuong (Multi-Walled Carbon Nanotubes MWCNTSs) véi nhiing dac trung vat ly
gébm dudng kinh trong va ngoai trung binh lan lust la 6 nm va 15 nm, bé mat riéng do duagc theo
BET la 200 m2/g. Nghién ctiu thyc nghiém hap phu phenol dé b&ng MWCNTSs téng hap cho thay,
qua trinh hap phu trong nghién clu déu tuan theo ca hai moé hinh hap phu dang nhiét Freundlich
va Langmuir véi dung lugng hap phu cuc dai don I6p la 47,2 mg/g. Két qua nghién ctu mot lan nia
cho thdy kha nang san xudt vat liéu carbon nano dang 6ng da tudng tir nguén khi hydrocarbon
bang phuong phéap két tu hda hoc pha haoi c6 st dung xuc tac la hoan toan kha thi trong thuc
t€ va dac biét cac két qua khao sat vé tinh chat hap phu ctia MWCNTs theo mé hinh Freundlich
va Langmuir c6 thé b sung phuong phap vat ly Raman, EDX, SEM, TEM, BET cla vét liéu carbon
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GIGI THIEU

Carbon nano dugc phat hién vao gitia thip nién 80
ctia thé ky XX. D6 1a nhiing mang phan ti carbon
dugc tao thanh tii cdc nguyén ti carbon c6 kha ning
tao nén cac khung cdu kin. Néu tiép tuc phat trién
mang phan tt nay, c6 thé chuyén dugc tit dang ciu
hodc gan cau ctia chung thanh dang gin hinh 6ng, d6
14 carbon nano 6ng (CNTs). Céc 6ng rong tao thanh
ti cdc tdm graphite cudn quanh né va dugc dong &
hai ddu bing céc ban ciu fullerene da dugc phat hién
d4u tién boi lijima bang phuong phép hién vi dién ti
truyén qua (TEM) 1-3 N6i mot cach ngan gon, CNTs
14 dang c4u tric nano carbon dugc tao ra do cic mit
cd sG ctia graphite (graphen) cudn tron thanh hinh tru
hodc hinh 6ng.

CNTs thuong c6 kich thudc mao quan trung binh,
duong kinh trong 5 - 60 nm, dudng kinh ngoai 20
- 100 nm*, trong khi 6 vat liéu vi mao quan khong
tim thdy & CNTs ma chua yéu c6 & vat liéu than hoat
tinh .

O Viét Nam, c6 thé néi viée nghién ctiu vétliéu carbon
nano da bat ddu 15 nim nay va thudng tién hanh theo

hai huéng: huéng thid nhat la ché tao vat liéu carbon
nano trén co s& nguén nguyén liéu san c6 va kha thi;
hudng thit hai 1a tim kiém céc Ging dung hiéu qua cta
vat liéu carbon nano trong linh vic vét liéu méi, cong
nghiép héa hoc va xii Iy méi trudng. Cu thé, ting dung
CNTs trong chat 10ng tan nhiét dén Led cong suit cao
ctia nhém nghién ctu thudc Vién Khoa hoc vit liéu
(ndm 2015); ting dung vat liéu composite-CNTs trong
ché tao bo hd trg chién ddu cho ngudi linh, dat giai
thudng Tran Pai Nghia ndm 2019.. tuy nhién cac ting
dung CNTs trong xt ly mai trudng néi chung va hap
phu néi riéng van dang con nhiéu méi mé.

Trong linh vuc bao vé moi trudng, cac thanh phin
hiiu co ¢6 trong nudc thai thudng dugc loai bo bing
phuong phap keo tu, sinh hoc. Tuy nhién, cic hop
chét vong nhu phenol va dan xudt ctia ching c6 trong
nudce thai (qua trinh luyén c6c, dét nhudm, ché bién
g0, nude ri rac, hda chit bao vé thyc vat, chit tdy rua..)
khé xtt ly triét d€ bang cic phuong phdp néu trén.
E.Maranon va cong su (2008) da cong bs két qua xu
1y phenol trong nuGce thai luyén c6c bang hé phan ting
sinh hoc hiéu khi theo mé véi hiéu sudt xt ly dat 97%,

Trich dén bai bdo nay: Hoang H A, Quyén H. Nghién ctu hap phu phenol dé bang carbon nano éng
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néng d6 phenol sau xi Iy dao dong 1,7 - 5 mg/1'%;
nghién ctu cta Utkarsh Singh va cdng su (2018) cho
théy hiéu qua xt ly phenol trong nudc thai luyén c6c
dat 85% sau 50 gio tiép xic véi vi khudn ¢6 dinh trén
bui gb, néng d¢ sau xt 1y con lai 1a 108 mg/L!!, cao
hon mic quy dinh cho phép (0,5 mg/L) déi véi nudce
thai nganh san xudt sit thép '2.

Hap phu - xtc tic la mét trong nhiing phuong phap
hiéu qua loai bd phenol trong nudc thai. Than hoat
tinh dang hat (GAC), nhya t6ng hgp AP-246, OC-
1074 da dugc chiing minh khéa nang hdp phu phenol
v6i dung lugng hdp phu dat 14n lugt 0,45; 0,15; 0,04
mg/g trong nghién ctiu cia Vazquez I. (2007) v6indng
do phenol ban d4u 5-15 mg/L, hiéu qua loai b phe-
nol dat 70% sau hdp phu bing GAC'3. Nguyén Thi
Hoa va Ng6 Thi Mai Viét (2017) tht nghiém quéing
apatit Lao Cai lam vét liéu hip phu phenol d6 trong
nudc cho thdy hdp phu phenol tuin theo mé hinh
déng nhiét Langmuir, dung lugng hdp phu phenol do
dat cao nhit 2,76 mg/g v6i nong do phenol d6 ban
dau 49,4 mg/L 14 Cac hat oxide st pht trén vét liéu
carbon nano 6ng (Fe,O3/CNTs) va carbon nano s¢i
(FepO3/CNFs) da dugc nghién ctiu hip phy phenol
trong nudc. Dung lugng hép phu cuc dai dat: 0,842;
1,684; 1,098; 2,778 mg/g tuong tng vdi cac vt liéu
CNFs, Fe;O3/CNFs, CNTs, Fe,03/CNTs 1°. Nghién
ctiu phan hay phenol va dan xuét clia phenol bing
xuc tac oxi-hoda trén nén vat liéu CNTs nhu hé xic
tac O3/FeMgO/CNT cho hiéu qua phéan hiy phenol
dat: 98,4%, 17,1% tuong ting thoi gian xu ly 4 gio va
0,5 gi®, néng d6 phenol trung binh trudc xi 1y la 349
mg/11©.

Céc nghién cttu trén cho thdy vat liéu carbon nano bt
ddu dugc ting dung d€ phan hay phenol va dan xuit
ctia chiing trong nuéc bang mot sé phuong phap nhu
hép phuy, oxy héa uét xic tac cho hiéu qua kha tot.
Vit liéu CNTs c6 dién tich bé mat 16n da va dang trg
thanh ho chit mang méi hiia hen trong linh vuc diéu
ché chit hp phu- xdc tac. Trong nghién ctiu dudi day,
ching t6i trinh bay két qua tong hop vat liéu CNTs va
bién tinh ching dé ting hiéu qua hép phu cta vat liéu
CNTs.

VAT LIEU VA PHUONG PHAP

Nguyén liéu, héa chat

Céc hda chit, nguyén liéu stt dung cho qud trinh tong
hgp MWCNTs va hip phu phenol d6 nhu sau: -
A1203 (Merck), Fe(N03)3.9H20, HNO3 dém déC,
NaOH, phenol d6 (Trung Qudc); khi héa long LPG
vGi 18% propane va 82% butane, khéi lugng 13 kg, 4p
sudt 5,5 kg/cm? (nha méy loc ddu Dung Quit - Quang
Ngai); binh khi N, va H, khoilugng 47 kg, ap sudt 200
kg/cm? (Singapore).
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Phuong phap chuan bi xic tac

Chét mang y — Al, O3 thuong mai v6i dudng kinh 16
x0p trung binh 40 nm 17 bé mit riéng Sper = 120-
190 m2/g dugc tdm déu bing dung dich Fe(NO3)s.
Sau d6, hén hgp rin dugce sdy ¢ 100°C trong 12 gi¢
dé tach nudc, tiép dén nung & 450°C trong 2 git dé
phén hay hoan toan mudi nitrat sit thanh oxide sit.
Sau khi nung, hén hgp rin dugc nghién min va qua
rdy dé thu dugc cd hat tit 80 - 150 um.

Qui trinh tdng hgp MWCNTs

MWCNTs dugc tng hgp theo phuong phép ngung tu
héa hoc pha hoi (CVD) trén xuc tac Fe/-Al, O3 trong
thiét bi phan tng. Xdc tac st dung véi lugng 14 0,2g
dugc dat trong thuyén st va dua vao trung tdm clia
6ng phén ting quartz c6 dudng kinh la 42 mm va chiéu
daila 1600 mm. Thiét bi phan ting sé dugc dudi khong
khi trong vong 15 phut bang dong N,. Sau d6, mé van
H; dong thai gia nhiét 16 phan Gng lén 450°C. Thaoi
gian khu xdc tdc la 1 gid. Tiép tuc cho hén hgp khi
LPG, H; qua thiét bi phan ting dam béao van tdc dong
khi 6n dinh. Nang dan nhiét 46 dén nhiét d6 téng hop
la 710°C véi t6c do nang nhiét la 10°C/phiat. Phan
tng khit oxide sit bang Hy va lang dong trén xuc tac
tao carbon nano theo céc phan tng rut gon sau:

Fes03 + 3H,0 =S 2Fe + 3H,0 (1)

CoHy 255 xC + H, @)
Sau 2 gi& tdng hgp, carbon nano hinh thanh trong 6ng
quart dugc lam ngudi trong dong khi N, dén nhiét
d6 phong. San phdm carbon sau khi tdng hgp dugc
danh giéd qua céc phuong phap ph6 Raman, phé tan
sdc EDX, kinh hién vi dién t& quét (SEM), kinh hién
vi dién tt truyén qua (TEM) va do bé mit riéng theo
BET.
Hinh 1 m ta vé ché d¢ t6ng hgp, nguén nguyén liéu
dau vao va san phdm d4u ra cta qua trinh téng hop
MWCNTs.
Qui trinh bién tinh MWCNTs
Vi ciu truc va tinh chéat dac biét, MWCNTs dugc
nghién ctiu va ing dung vao rét nhiéu linh vic khac
nhau. Tuy nhién, do MWCNTs sau khi téng hop
6 stic cang bé mat 16n, khong phén tdn trong nudc
nén dé c6 thé ting dung vao thuc tién, MWCNTSs can
dugc bién tinh va phan tan dugc trong cac moi trudng
nudc, dung moéi va héa chét khac nhau.
C6 nhiéu phuong phap bién tinh MWCNTs, trong
diéu kién cho phép ching t6i da tién hanh bién tinh
MWCNTs theo phuong phdp oxy héa bing acid manh
v6i muc dich gan nhom carboxyl-COOH (Hinh 2).
Cho 2 gam MWCNTs va 20 mL acid HNO3  déam déc
c6 néng d6 65% tron 1an nhau trong c6¢ thuy tinh va
khudy trén bép tit gia nhiét & 60°C trong 6 gid. Hon
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Hinh 1: So d6 téng hgp MWCNTs theo phuong phap CVD.
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Hinh 2: Bi€n tinh MWCNTs bang HNO;.

hop sau phan tng dugc lam ngudi tit tit dén nhiét do
phong. Sau do, pha loang hén hgp bang nude khii ion
va loc rtia lai v6i nuéc cit nhiéu 1an thu dugc carbon
nano 6ng da tuong bién tinh (MWCNT,).

Qui trinh thao tac hip phu phenol do trong pha long
bdi MWCNT},

Qud trinh hép phu phenol d6 Ci9H40s5S trén
MWCNT}, dugc thuc hién & nhiét do 40°C, thoi gian
hép phu 150 phat véi 4 gid tri néng d6 khac nhau
ctia phenol do6 la 50 mg/L, 70 mg/L, 90 mg/L va 100
mg/L. Cho 100 mL dung dich phenol do (pH = 6,5),
¢6 ndng do xac dinh vao binh cu 3 ¢6, dung tich 500
mL lap trén mdy khudy ti v6i téc do khudy khoang
300 vong/phut. Diéu chinh nhiét d6 dén gid tri mong
mudn va chd khoang 30 phut dé€ dat can bang nhiét.
Sau d6, thém 0,2g MWCNT}, vao dung dich va bdm
gio d€ tinh thoi gian hdp phu. Sau nhiing khoang thoi
gian nhét dinh dung dich phenol d6 dugc trich ra khoi
hén hgp phan ting. Mbi l4n 14y 5 mL dung dich do
d06 hép thu quang trén may LIUV-310S UV-Vis Spec-
trophotometer, tit d6 xac dinh néng d6 phenol do.

KET QUA VA THAO LUAN

Téng hap MWCNTSs theo phuong phap CVD
Tu quy trinh t6ng hgp MWCNTSs 6 (Hinh 1), véi diéu
kién t6ng hop t6i uu LPG la 31,2%; vén tdc dong khi
trong hé la 3,2 cm/phut hay 44,32 mL/phut (tuong
ling v6i t6c d6 thé tich 1a 227 phat~!) va nhiét do
t8ng hop 14 710°C '8, khéi lugng MWCNTS tao thanh
la nhiéu nhit, gip 12,2 14n so véi lugng xuc tac Fe/y-
Al, O3 va 72 1an so véi xuc tac tinh theo nguyén ti Fe.
Két qua nay cting phtt hgp v6i nghién ctiu ctia nhém
tac gia J. Amadou va cong su 7.

Chit lugng san phdm MWCNTs sau khi tdng hgp
dugc danh gid (do tinh khiét, hinh thai ciu trac, bé
mat riéng, cac khuyét tit mang graphite va tap chat)
qua phén tich phd Raman, SEM, TEM, bé mit riéng
theo BET va phd tan sic EDX.

Két qua do ph6 Raman (Hinh 3) cho thdy, xuit hién
hai déi phé chinh dic trung cho cu tric ctia 6ng car-
bon nano: Dai G (=~ 1580 cm™!) Ung voi cdu tric trat
ty trong mang graphite cho biét sy sip xép cua vong
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Hinh 3: Phé Raman cia MWCNTs.

lién két sau canh trong mang ludi graphite, dic trung
cho su 6n dinh ctia carbon lai héa sp? trong 6ng car-
bon nano. Dai D (&~ 1340 cm™!) ung vdi cdu trac bat
trat ty hay khuyét tit trong mang graphite (6ng xodn,
tap chét, carbon v dinh hinh), khi d6 c4u tric lai hoa
sp? giam va lai héa sp® ting 1én?’. Ty s cuong do
1;/1g d€ danh gida mic d khuyét tat ctia san pham,
ty s6 nay cang nho thi mic d6 khuyét tat cang thép
va ngugc lai. Ty s6 1;/Ig cia MWCNTs tinh toan
béng 0,82 tuong dong véi cac nghién ctiu trong nudc
(0,96)2!.

S4800-NIHE 15.0kV'16.3mm x5.00k SE(M,LAO) 12/1/2011.45:57% 10.0um

Hinh 4: Anh SEM ctia MWCNTSs v6i do phong dai
5000 lan.

Két qua khdo sat ciu tric hoa hoc cia MWCNTs
thong qua anh SEM va TEM (Hinh 4 va 5) cho thdy,
san phdm tao thanh 13 carbon nano 6ng da tudng, c6 9
16p, dudng kinh trong va ngoai trung binh 14n lugt 1a
6 nm va 15 nm, chiéu dai tit 2-5 um, c6 bé mit riéng
(BET) la 200 m%/g.

Hinh 6 trinh bay két qua khao sat thanh phén sin
phdm MWCNTs sau khi tdng hgp bang phd tan sic
néang lugng tia X (EDX).

San phdn MWCNTs sau khi téng hgp c6 ham lugng
carbon cao, chiém 92,3% theo khoéi lugng va 98,4%
theo nguyén tti. Trong khi d6, ham lugng Fe va Al
(thanh phén ctia xdc tac) lan lugt la 0,44% va 1,31%
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Hinh 5: Anh TEM cia MWCNTSs véi d6 phéng dai
25000 lan.

Element | Weight | Atomic
(%) (%)
C 9235 | 98.42
Al 131 062
Fe 0.44 0.10
Br 373 060
Pd 217 026
Totals | 100.00

Hinh 6: Phé tan sac EDX cia MWCNTs.

theo khdi lugng; va 0,1% va 0,62% tinh theo nguyén
tar.

Bi€n tinh MWCNTs bang HNO;

Quid trinh oxy héa sé lam dut gay, mé vong MWCNTs
va dinh thém céac goc chia oxygen (cht yéu 1a nhom
hydroxyl -OH, carboxyl -COOH) tao diéu kién thudn
lgi cho viéc phan tin MWCNTs trong dung dich.

Két qua phan tich phd hong ngoai IR cia MWCNT),
cho thdy (Hinh 7 ), ¢6 ph§ dang hinh parabol rat ro
& s6 song 3443 cm~!. Diéu nay chiing t6 c6 nhém
hydroxyl —-OH dinh trén bé mit éng carbon nano?2.
Bén canh d6, ph & 1640 cm™! chi ra dang dao dong
bién dang ctia nhém —~OH (8o ). Phé ¢ 1020 cm ™!
dac trung cho lién két C-C cia MWCNT},.

Hinh 8 la anh SEM cia MWCNTs sau khi bién tinh
cho théy cac 6ng MWCNTs da bi dit doan, mé vong.
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Hinh 7: Phé IR cia MWCNT,.

Hinh 8: Anh SEM cia MWCNT,,.

Tiép tuc khao sit thanh phdn MWCNT}, bang phé
tan sic EDX (Hinh 9). San phdm MWCNT), sau khi
bién tinh ¢é ham lugng carbon cao hon so véi luc chua
bién tinh, chiém 96,6% vé khdi lugng va 99% tinh theo
nguyén ti. Bén canh d6, ham lugng Fe va Al ciing
giam lan lugt con la 0,3% va 1,28% theo khoi lugng;
va 0,07% va 0,59% tinh theo nguyén td. B&é mat riéng
(BET) 12 281 m?/g.

Chit lugng sin phdm MWCNTs sau téng hgp va bién
tinh ¢6 d¢ tinh khiét tuong duong vé6i san phidm
MWCNTs ctia hang NanoLab, Inc. cong bé.

Element | Weight | Atomic
(%) (%)
Cc 96.59 99.07

Al 128 0.59

Fe 0.30 0.07

o8

100.00 o3
Ul Scale 2835 cts Curscr: 0254 (1785 cts) e\

Br 183 028

4 5 8 7 8 8 10

Totals

Hinh 9: Phé tan sac EDX cia MWCNT,,.

Nghién ciu kha nang hap phu phenol dé
trong pha long trén MWCNT,,

Anh huéng cia néng dé phenol dé ban ddu
dén quad trinh hdp phu

T thuc nghiém véi cac gid tri ndng do phenol d6 pha
san tii 50 mg/L dén 100 mg/L dugc hép phu trén 0,2g

MNCNT}, cho thy, dung lugng hip phu phenol do
trén MNCNT}, phu thudc vao néng d6 ban diu cta
phenol do.

IS
S

30

20

10

Dung lugng hip phy, qt (mg/g)

o

T T T T T T T ]
0 20 40 60 80 100 120 140 160
Thei gian (phut)

~-50mg/l +70mg/l =90mg/l —-100 mg/I

Hinh 10: Anh huéng ctia néng d6 phenol d6 dén
dung lugng hap phu theo thai gian.

Hinh 10 cho th4y, néng d6 phenol d6 ban ddu cang
16n thi kha nang hdp phu cang cao. Thdéi gian bio
hoa hdp phu ting véi cic miu néng d6 phenol dé vao
khoang 40 phut, sau thdi gian trén dung lugng hép
phu it thay déi.

Mé hinh ddng nhiét hap phu phenol dé trén
vat liéu MWCNT,,

Viéc nghién ctiu dudng ding nhiét hdp phu sé cho
phép xdc dinh tuong tac gitia chit hdp phu va chét bi
hép phu. Hai m6 hinh thudng dugc stt dung dé mo ta
dudng ding nhiét hap phu 12 mo hinh cta Langmuir
va Freundlich.

« Mo hinh ddng nhiét Freundlich

Phuong trinh hdp phu Freundlich 13 mdt phuong
trinh kinh nghiém 4p dung cho sy hip phu trén bé
mit khong d6ng nh4t 3.

Je = Kfccel/n (3)

trong do:

qe: dung lugng cin bing hip phu ctia chit bi hip phu,
mg/g;

Ce: néng do can bang cta dung dich, mg/l;

Ky, n: hing s6 Freundlich dic trung dung lugng hip
phu va cuong do (luc) hép phu.

Dang tuyén tinh ctia phuong trinh Freundlich c6 thé
viét lai nhu sau:

lgge = 1gKy + (1/n).1gC, (4)

Tham s6 Ky va n ¢6 thé xic dinh thong qua do thi
tuong quan gitia 1gq, va IgC, tii s6 liéu thuc nghiém
béng phuong phép héi quy tuyén tinh.

Bang 1 trinh bay anh hudng néng d6 phenol dé dén
dung lugng cin bing hdp phu q, va ndng do can bing
C,.
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Bang 1: Méi quan hé giiia IgC, valgq,

Nong d6 phenol do Thétichdd V4y (mL) q. Ce lgq. 1gC,
C (mg/L) (mg/g) (mg/L)

50 100 20,78 8,43 1,318 0,926
70 100 27,19 15,19 1,434 1,181
90 100 32,34 25,32 1,510 1,403
100 100 34,41 27,80 1,537 1,444

T s6 liéu Bang 1, dudng déng nhiét hdp phu Fre-
undlich ctia phenol do trén vét liéu MWCNT), dugc
xdc dinh theo phuong trinh héi quy tuyén tinh
(Hinh 11).

1,60 -

y =0,4103x +0,9413
R? = 0,995

1,50 |

Lgqe

1,40

1,30 1
0,90 1,10 1,30 1,50
LgCe

Hinh 11: Pudng ding nhiét Freundlich hap phu
phenol dé.

Hinh 11 cho théy céc tham s6 hdp phu ding nhiét
phenol do trén MWCNT), tuan theo phuong trinh
Freundlich v6i hé s6 tuong quan R?= 0,995. Két hop
phuong trinh héi qui tuyén tinh (Hinh 11) va phuong
trinh (4), xdc dinh dugc Ky = 8,74 van = 2,44.
Dung lugng hép phu phenol d6 trén MWCNT}, theo
mo hinh Freundlich dugc xac dinh theo phuong trinh
nhu sau:

ge = 8,74*C, /2% (5)

Vi déng nhiét Freundlich 4p dung cho sy hdp phu trén
bé mit khong dong nhit, dé khing dinh thém muc do
dong nhat ctia bé mit, ching t6i tiép tuc nghién ctiu
mo hinh ddng nhiét Langmuir, vi day 12 mé hinh st
dung khd rong rai cho qud trinh hdp phu don 16p.

« Mo hinh ding nhiét Langmuir

Phuong trinh ding nhiét hip phu Langmuir déi véi

su hdp phu chit tan trong dung dich trén chét hdp phu

rdn c6 dang sau 23,

— 90-K.C,
9e = 1+K..C.
trong do:

qe: dung lugng cin bang hip phu ctia chét bi hip phu,
mg/g;
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qo: lugng chat bi hip phu cuc dai don 16p trén mot
khéi lugng chét bi hdp phu, mg/g;

Kz: hing s6 hip phu Langmuir, phu thudc vao ban
chat hé hép phu va nhiét do;

C,: néng do can bing cta dung dich, mg/L.

Dang tuyén tinh ctia phuong trinh Langmuir:

% - %IKL + % (6)

Duia vao d6 thi tuong quan gitia C./q, va C, thu dugc
tit céc 6 lidu thuic nghiém, xéc dinh dugc cic tham s6

qo va K, bang phuong phép hoi quy tuyén tinh.
Bang 2, trinh bay méi quan hé gitta C, va C./q, cta
qué trinh hép phu phenol d6 trén vét liéu MWCNT,,
tui 86 liéu thuc nghiém.

Tl Bang 2, dudng déng nhiét hdp phu Langmuir ctia
phenol d6 trén vétliéu MWCNT}, dugc xac dinh theo
phuong trinh héi qui tuyén tinh (Hinh 12).

Céc tham s6 hdp phu ding nhiét phenol do trén
MWCNT)}, tuan theo phuong trinh Langmuir v6i hé
s6 tuong quan R? = 0,996. Két hop phuong trinh héi
qui tuyén tinh (Hinh 12) va phuong trinh (6), xac
dinh dugc K, = 0,092 va qo= 47,2 mg/g.

Tham s6 cin bang Ry = m = 0,098 nam trong
khoang 0<R;<1. DPiéu nay cho thdy mé hinh Lang-
muir ¢6 thé€ 4p dung.

D6 thi Hinh 11 va Hinh 12 cho thdy cac s6 liéu cn
béng C,, q. (s6 liéu thuc nghiém) phtthgp véicéd 2 mo
hinh ddng nhiét Freundlich va Langmuir (Hinh 13).
Hinh 13 cho théy két qua thuc nghiém déu tuan theo
hai mé hinh va c6 d¢ tin cdy cao. Diéu nay ching td
vat liéu hdp phu MWCNT), ¢ bé mit kha dong nhit,
cac tam hép phu c6 ciu tric hinh hoc va niang lugng
bé mit gin nhu nhau. Do d6, sy hip phu cta phenol
d6 tréen MWCNT}, tudn theo déng nhiét Langmuir 1a
phu hgp véi ly thuyét co ban. Song, cac s6 liéu thuc
nghiém ciing tuin theo mo6 hinh Freundlich, diéu dé
c6 thé 1a khoang ndéng d¢ nghién citu chua du lén,
nam trong khoang phén b6 Freundlich trude khi dat
dén don 16p Langmuir.

C6 thé duc két lai cac hing s6 déng nhiét, hé s6 tuong
quan cta hai moé hinh Freundlich va Langmuir trén
Bang 3.
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09 - y=0,0212x + 0,2316

R? = 0,9961
o
— 07 -
=
&l
(]
o
~.
8 05
0,3 T T T T 1
5 10 15 20 25 30
Ce (mg/l)
Hinh 12: Pudng dang nhiét Langmuir hap phu phenol dé.
40 -
35 -
E 0l
%ﬂ ......... Thulc nghiém
g 25 - Langmuir
——Freundlich
20 -
15 T T T T 1
5 10 15 20 25 30

Ce (mg/l)

Hinh 13: D4 thij ddng nhiét Freundlich va Langmuir so véi duang thuc nghiém.
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Bang 2: Méi quan hé giira C, va C./q.

Nong d6 phenol do Thé tich dd
C(mg/L) Vgq (mL)
50 100

70 100

90 100

100 100

Qe Ce Ce/qe
(mg/g) (mg/L) (/L)
20,78 8,43 0,406
27,19 15,19 0,558
32,34 25,32 0,783
34,41 27,80 0,808

Bang 3: Cac tham sé nhiét dong hoc theo mé hinh Freundlich va Langmuir

Mo hinh theo Freundlich

M5 hinh theo Langmuir

ge = 8,74CL/** e =47, 210005
Ky R? n K R? qo (mg/g)
8,74 0,995 2,44 0,092 0,996 47,2
KET LUAN MWCNTs: Multi-Walled Carbon Nanotubes (Car-

Nghién ctiu mt lan niia cho thdy sy thanh cdéng cua
phuong phap téng hgp MWCNTs theo phuong phép
CVD st dung xdc tac tit ngudn khi thién nhién LPG.
MWCNTs tong hgp hoan toan c¢6 cdu tric va nhiing
dac trung vat ly phu hgp véi dédc trung cia MWC-
NTs ctia cac nghién ctu trude ddy. Nghién ctiu khao
sat sy hdp phu phenol d6 bang vt liéu t6ng hgp bién
tinh (MWCNT),) v6i két qua cho thdy qud trinh hap
phu phenol d6 cia MWCNTbt tuan theo déng nhiét
Langmuir la phtt hgp véi Iy thuyét co ban. Ngoai ra,
cac s6 liéu thyc nghiém cua qua trinh hép phu ciing
tudn theo moé hinh Freundlich. Tuy nhién diéu d6 c6
thé dugc giai thich trong diéu kién khao sit, khoang
ndng d6 nghién ctiu khéo sit chua dt 16n, ndm trong
khoang phan bé Freundlich truéc khi dat dén don
16p Langmuir. Két qua nghién ctiu khao sat hip phu
phenol ctia MWCNT), trong nghién ctiu c6 gid tri bd
sung cho cac phuong phap vat Iy Raman, EDX, SEM,
TEM, BET, 14 co s& khoa hoc ¢ gid tri cho viéc thuc
hién céc nghién cttu tiép tuc nhim xiy dung co s&
khoa hoc ctia qué trinh hép phu véi sy tac ddng ctia
hé nano d6i véi vat liéu nano.

LGOI CAM ON

Nhom tc gia xin dugc bay to long biét on sau sic t6i
GS.TS. Nguyén Hiiu Pht, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam; Truong Dai hoc Tai nguyén va
Moi trudng Thanh phd H6 Chi Minh da hé trg nhom
tac gid hoan thanh nghién ctiu nay.

DANH MUC TU VIET TAT

LPG: Liquefied petroleum gas (nguyén liéu khi hoa
long)

CVD: Chemical Vapor Deposition (phuong phap két
tu héa hoc pha hoi)
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bon nanotubes thudc dang 6ng da tudng)
MWCNT)},. carbon nano 6ng da tudng bién tinh
CNTs: carbon nano 6ng

TEM: phuong phép hién vi dién td truyén qua

EDX: phd tan sic nang lugng tia X

BET: Bé mit riéng

GAC: Than hoat tinh dang hat

Fe;03/CNTs: Cac hat oxide sit phu trén vat liéu car-
bon nano 6ng

XUNG POT LO1iCH

Nhoém tac gia xac dinh khdng c6 bét ci xung dot lgi
ich trong cong bé bai béo.

PONG GOP CUA CAC TAC GIA

Nghién ctiu nay dugc thuc hién bdi 02 tac gia va sy
d6ng gop cho qud trinh nghién cttu d€ hinh thanh cac
két qua nghién ctiu trong c6ng b nay la nhu nhau.
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Investigating the red phenol absorption by multi-walled carbon
nanotubes

Huynh Anh Hoang, Huynh Quyen®

ABSTRACT
Since the end of the 20" century, nanomaterials such as carbon nanotube (CNT ) have been con-
: sidered as one of the greatest achievements in the field of material science. Nowadays, further
Use your smartphone to scan this research on CNTs is still being conducted to unfold the full potential of this material. Generally,
QR code and download this article CNT production methods have been extensively studied, specifically on CNTs synthesis route via
liquefied hydrocarbon gas in the presence of a catalyst. From the synthesized material, further in-
vestigation including characterization and investigation of this nano size system's effects on the
physics, chemiscal, mechanical rules applied to marcroscopic (bulk materials) and microsopic sys-
tems (atoms, molecules). In this present work, we demonstrated the research results of the syn-
thesis of nano-carbon materials from a liquefied hydrocarbon gas (Liquefied Petroleum Gas: LPG)
and its application to red phenol absorption in liquid phase. CNTs used in this study were synthe-
sized by chemical vapor depoisition (CVD) method with Fe /y-Al,O3 as the catalyst. The research
results demonstrated that CNTs synthesized from LPG in this work were reported to be multi-walled
tubes (MWCNTs: Multi-Walled Carbon Nanotubes) with physical characteristics including average
internal and external diameters were of 6 nm and 17 nm, respectively. The measured specific sur-
face suggested by BET data was 200 m2/g. The experimental study of phenol red adsorption by
MWCNTs showed that the adsorption process followed both Freundlich and Langmuir isotherm
adsorption models with the maximum monolayer adsorption capacity of 47.2 mg/g. The research
results again showed that it was possible to synthesize MWCNTSs from hydrocarbon gas sources via
CVD method through utilizing calatyst. Additionally, red phenol absorption via such material had
showed to follow both Freundlich and Langmuir isotherm model, which allow further characteri-
zation of this material using Raman, EDX, SEM, TEM, BET, in order to extend the library database on
the characterization of the reported synthesized material.
Key words: Mutil-walled carbon nanotubes, isothermal absorption, phenol red absorption
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