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Tém tat: Phuong tién giao thong ngay cang nhiéu, din téi khi thai ciia dong co ddt trong thai
ra ngodi mdi truong ngay cang 16n. Khong khi ngay cang bi 6 nhiém, viéc loc bui ciling nhu
céc khi doc hai lot vao trong xe 6 to 1a viéc can thiét. Bai bao nay trinh bay két qua budce dau
viéc nghién ctru ché tao vat li€u c6 kha nang ngan can bui cling nhu cac chét hiru co doc hai
vao trong 6 t0 trén co s& graphene va tam loc gio diéu hoa 6 6. Két qua cho théy vat liéu tao
thanh c6 hiéu suat hap phu va dung luong hap phu cuc dai cao. Két qua nghién ctru ciing cho
th?iy kha néng tng dung cao cua vat liu tao thanh vao vi¢c hép phu khi hitu co dc hai trong
khi thai giao thong trudce khi vao trong trong 6 to.

Tiur khoa: Graphene, vat li¢u, khi doc hai, loc gid, 6 to.

DEVELOPMENT OF ADVANCED MATERIALS FOR ADSORPTION OF HAZARDOUS ORGANIC
GASES UTILIZING GRAPHENE AND AUTOMOTIVE AIR CONDITIONING FILTERS

Abstract: The increasing number of vehicles has led to a growing amount of emissions from
internal combustion engines being released into the environment. As air pollution intensifies,
filtering dust and harmful gases entering vehicles becomes increasingly essential. This paper
presents preliminary results on the research and fabrication of materials designed to prevent
dust and toxic organic compounds from infiltrating vehicles, utilizing graphene and
automotive air conditioning filters as the primary components. The results indicate that the
synthesized material exhibits high adsorption efficiency and maximum adsorption capacity.
The findings demonstrate the significant potential of the developed material for application
in the adsorption of hazardous organic gases from traffic emissions before they enter the
vehicle.

Keywords: Graphene, material, hazardous gases, air filter, automobile.

1. PAT VAN PE organic compounds) n6i chung 1a hop chat

Thanh phan 16n va nguy hiém nhit doc hai néu tiép xtc lau dai v6i con nguoi
cua khi thai giao thong la hydrocacbon: dé dang gay kich ting da, dudng ho hap,
32% la hydrocacbon no; 27% - dau dau, chong mit mét moi, buén non va
hydrocacbon khong no; 4% - hydrocacbon tham chi gy suy giam tri nhé. Ngoai ra,
thom; 2% - andehit [1]. Khi thai cia dong  VOCs ciing khién chirc ning cta gan, than,
co dbt trong noéi riéng va VOCs (volatile  hé than kinh trung wong bi suy giam hoic
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gy ung thu. O t6 ngdy cang la phuong tién
di lai pho bién cta con nguoi. Trong khi
thai giao thong, c6 chira cac VOCs, cac khi
nay lot vao trong 6 t6, gdy cam giac kho
chiu, 1au dai s€ anh huong ti€u cuc tdi suc
khoe. Vi vay, viéc nghién ctu vt li¢u co
kha nang ngan can khoéi bui, VOCs vao
trong 6 to 14 viéc 1am can thiét.

2. CO SO LY THUYET, HOA
CHAT VA THUC NGHIEM

Co sé Iy thuyét

Cac tam loc gi6 6 to (polyxenlulozo)
trén thi truong da sb chi ¢6 chirc ning ngin
bui. Vi vay, cac khi doc hai trong thanh phén
khi thai giao thong van lot vao trong 6 to, gy
kho chiu va hai sttc khoe con nguoi.

Hinh 1. Tam loc gio diéu hoa ldp trong xe 6 t6

Graphene 1a mdt dang vat liéu cacbon
dugc tach cac 16p trong ciu trac than chi
(graphite). Céu truc graphene 1a mot dang
thu hinh cacbon hai chiéu. N6 duoc ciu tao
boi cac nguyén tir cacbon xép cb dinh trong
két cdu luc giac, c6 thé néi no gidng nhu
mot mang t6 ong 2D. Nhitng tim Graphene
don 16p khi xép chdng 1én nhau s& thanh
Graphene da 16p. Graphene c6 dién tich bé
mat riéng 16n hon nhiéu so véi than hoat
tinh, c6 kha nang hap phu rat tot [2-4]. C6
rat nhiéu nghién ctru da chtng minh kha
ning hip phu dau va cac chat hitu co rat
manh cua Graphene [5,6]. Viéc mang
graphene 1én tim loc gié nhim mang t&i

%G

o Khdi luong vat liéu sau khi phan tan-khéi luong thm loc gi6 ban dau

kha nang hap phu VOCs mét cach tbi da 1a
nhiém vu cua nghién ctru.

Héa chit

Graphene dang tim xuit xi MY,
duoc cung cép boi H6 Kinh doanh Cura
hang Kinh doanh tong hop 3TB. Tam loc
gi6 diéu hoa duoc cung cip boi Toyota Hai
Phong. Hoa chét sir dung trong nghién ctru
liét ké tai bang 1, dugc cung cip boi HO
Kinh doanh ctra hang Phat trién va Dich vu
Tuan Bang.

Bing 1. Hoa chét sir dung trong nghién ciru

STT | Ténhéachit | T\guongoc
xuat xuw
1 |Ethanol Trung Quoc
2  |Butyl acetate Trung Qudc
3 |n-hexane Trung Quéc
4  |Ethylbenzene My
Thuc nghiém

Graphene dugc phan tan bang siéu am
két hop nhiing phu, dua vat liéu Graphene da
16p bam dinh trén nén tdm loc gi6 c6 san, tao
ra vat lidu méi c6 kha niang hip phu VOCs .
Quy trinh ché tao vat liéu co ban gém 5 budc
nhu sau: Phan tan Graphene trong dung moi
phan tan trong moi trudng siéu am tan sd
60Hz; Nhing tim loc gi6 vao hdn hop
Graphene di phan tan; Sy vat liéu; Nhing
vat liéu trong dung dich chat két dinh; Séy
kho vat liéu thanh pham.

Ty 1¢ graphene/dung moi phéan tan
duoc khao sat ¢ cac ty 1€ 3; 6; 9; 12;15 g/L.
Thoi gian siéu am 20, 40, 60, 80,100 va 120
phut. Hiéu qua phan tan dugc danh gia thong
qua ty 1& khdi luong graphene phan tan véi
khdi luong vat li€u sau phan tan.

Ty I¢ graphene phan tan/vat li¢u dugc
tinh theo cong thurc:

x 100%

Khéi luong vat li¢u sau khi phan tan
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Dung lugng hip phu cuc dai dbi véi
cac VOCs trong ndi dung nghién ctru nay la
n-hexane va ethyl benzene. dugc xac dinh
bang khéi lugng VOCs ¢ dang 1ong duoc hap
phu vao vat liéu sau khi nhung vat li€u trong

VOCs long trong 1h va nhéc ra dén khi
khong co6 giot chét 1ong nao chay ra.

Hiéu suét hép phu cua vat li¢u trong
phong thi nghiém duogc khao sat trén hé
thdng mé hinh hap phu dugc thiét ké nhu sau:

VOCs

Hinh 2. So' do mé hinh hdp phu hoi VOCs trong phong thi nghiém

Dung dich VOCs trong may tao khi (1)
va nito v6i d¢ tinh khiét 99,999%, duoc skt
dung 1am khi mang. Téc d6 dong chay cua
dong khi dwoc diéu khién bi mot van (3) va
dugc do bang dong hd do luu luong (2).
Nong d6 ban diu cua cac hop chat hitu co dé
bay hoi duoc kiém soat & mirc 500 mg/m’.
Soi carbon hdng ngoai va dng xoén 6c thach
anh (4) duoc sir dung dé gia nhiét hap phu.
Nhiét @6 khong khi bén trong budng duoc do
bang nhiét ké ky thuat s (5). Vat liéu hap
phu duoc dé trong budng (7) va can k¥ thuat
s6 (11). Hn hop khi dugc dua vao dudi ciing
ctia cOt va chay nguoc 1én qua 16p ¢b dinh vat
liéu hap phu. Nhiét do cua khi trong budng
duoc do béng nhiét ké ky thuat sb (6). Can

Lwong VOCs bi hip phu

ky thuat sé (11) duge st dung dé do luong
VOCs bi hép phu dua trén sy gia tang cia
trong luong . N6ng d0 dau ra ctia VOCs duge
do bang may phan tich VOCs (PGM-7300,
RAE Systems) (s6 8). Thiét bi dwoc lap trong
mot vo boc co 6ng Teflon (14), dugc st dung
dé cach nhiét.

Pha binh (1) chira hoi VOCs véi nong
do 500 mg/m® véi timg loai VOCs khac nhau.
Str dung luu luong ké 2 dé kiém soét luu
lwong dong khi di vao cot hap phu & cac luu
lugong lan lwot1a 1,2, 3,4 va 5 /s. Po luong
VOCs bi hdp phu bang can ky thuat s6 6 va
do lugng VOCs bi thoat ra qua may phan tich
VOCs 8. Hiéu suat hip phu dugc tinh bang
cong thirc sau:

X100%

Hiéu suét hip phy =

50 | TRUONG DAI HOC HAI PHONG

Luwong VOCs dwoc dwa vao ban dau



3. KET QUA NGHIEN CUU

3.1. Nghién ctru phan tan graphene
trong moi truomg ethanol

Quy trinh thuc nghiém dugc thyc hién
nhu sau: Can chinh xac 6; 12; 18; 24,30 g
graphene va va tim loc gi6 cho vao binh
dung ethanol 2000 ml. Sau cac khoang thoi

gian 20, 40, 60, 80,100 va 120 phut, lay tim
loc gio, séy khé hoan toan, cén lai khdi luong
va tinh toan lugng graphene phan tan trong
tim loc gi6. Két qua ty 1& khdi luong
graphene phan tan/khdi luong tim loc gi6 da
phan tan graphene tinh theo % duoc thé hién
0 bang 2 va hinh 3.

Bang 2. Ti l¢ phan tan theo thoi gian trong moéi truomg ethanol

Ty 1€ graphene/ethanol (g/L)
3 6 9 12 15
Thoi gian si€éu am (phut)
20 1.12 1.98 2.67 2.6 2.76
40 1.54 2.72 3.54 3.32 3.75
60 1.88 3.28 4.39 4.1 431
80 2.26 4.12 5.25 5.29 5.21
100 2.33 4.12 5.37 5.64 5.65
120 2.33 4.13 5.46 5.65 5.65

Két qua cho thidy & cac ty ¢
graphene/ethanol thap hon 12g/L, khi ti 18
nay ting dan thi ty 1¢ phan tan cia graphene
tang dan va dat cuc dai & ty 1&¢ 12g/LL
ethanol va & thoi gian siéu am 100 phat,

6

Tilé G%

0 20 40

——3g/| ——6g/l ——9g/I

graphene c6 kha ning phan tan cao nhit,
dat ty 1€ 5.64%. Khi ty 1¢ graphene cao hon
12g/L ethanol cling nhu thoi gian si€éu am
vuot qua 100 phut thi ty 18 G% gan nhu

khong thay doi.

60

80 100

12g/l ——15g/I

120

140

Thai gian (phit)

Hinh 3. D6 thi biéu dién ty 1é G% theo thoi gian khi dung méi la ethanol
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D6 thi 3 ciing cho thy hiéu qua phan
tan graphene theo thoi gian phan tdn & cac ty
1¢ khéac nhau, ¢ thoi gian 100 phut siéu am, ty
1€ graphene 12g/L ethanol, lwong graphene
dugc phan tan dat cao nhat voi ty 1€ khéi
luong graphene trén tong khdi lwong vat liéu
sau phan tan dat 5,64%. Khi vuot qué thoi
gian 100 phut ciing nhu ty 1€ graphene/ethanol
vuot qué 12g/L thi lugng phan tan cling khong
d6i. Do vy, thoi gian 100 phut va ty 18
graphene 12g/L ethanol ciing dugc chon dé
nghién ctru tiép theo.

3.2. Nghién ciru phan tan graphene
trong méi trud'ng butyl acetate

Thyuc hién thi nghiém tuong tu nhu
dbi voi moi truong ethanol. Cén chinh xéc
6; 12; 18; 24, 30 g graphene va tdm loc gio
cho vao binh dung butyl acetate 2000 ml.
Sau cac khoang thoi gian 20, 40, 60, 80,100
va 120 phut, 1ay tim loc gi6, say kho hoan
toan, can lai khéi luong va tinh toan luong
graphene phdn tan trong tim loc gié. Két
qua phan tan dugc thé hién trén bang 3 va
hinh 4.

Bang 3. Khao sat thoi gian phin tin trong méi trudng butyl acetate

v 1¢ graphene/ butyl acetate (g/L)
3 6 9 12 15
Thoi gian siéu &m (pht)
20 0,61 1,47 2,16 2,11 2,25
40 1,03 2,23 2,79 2,81 3,55
60 1,38 2,87 3.4 3,62 4,31
80 1,79 3,67 4,15 4,72 4,75
100 1,83 3,87 4,87 511 5,12
120 1,87 3,99 4,89 5,12 5,13

Két qua cho thidy ¢ cac ty 1é
graphene/butyl acetate thip hon 12g/L, ty
1¢ phén tan cua graphene thap va dat cao
nhit ¢ ty 1& 12g/L butyl acetate va thoi

Tile G%

0 20 40 60

—e—3g/| —e—6g/|

Hinh 4. 6 thi biéu dién ty 1é G% theo thoi gian khi dung méi la butyl acetate
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gian siéu am 100 phut, graphene c6 kha
ning phan tan cao nhat, dat ty 1¢ 5.12%.
Két qua nay ciing duoc sir dung dé nghién
ctru tiép theo.

9g/I

80 100 120

Thoi gian (pht)

12g/l —e—15g/I

140




D6 thi 4 ciing cho thay hiéu qua phan
tan graphene theo thoi gian phan tan & cac ty
1€ khac nhau, sau 100 phut siéu am ¢ ty 1¢
12g/L butyl acetate, lugng graphene dugc
phan tan dat cao nhét véi ty 16 khéi luong
graphene trén tong khdi lwong vat lidu sau
phan tan dat 5,11%.

Nhu vay, qua nghién ciru phan tan
graphene vao tim loc gi6 khi st dung dung
mdi khac nhau. Két qua cho thdy khi sir dung
dung moi la ethanol cho hi¢u qua phan tan
cao hon. Dé khing dinh hiéu qua hap phu khi
sir dung timg dung mdi, con phéi tiép tuc
nghién ciru dung luwong hap phu cuc dai cua
ca 2 mau vat liéu nay.

3.3. Nghién ciru dung lwong hip phu
cwre dai cila cac miu vt lidu

Cac mau vat liéu khdo sat & cd 2 moi
trudng phén tan: ethanol, butyl acetate duroc két
dinh bang keo silicone. Cac vat liéu hép phu
duoc can véi khdi lugng ban dau my, sau do
nhung vao n - hexane va ethylbenzene 99,99%
trong 20, 40, 60, 80, 100 phut nhéc 1én, dé kho
dén khi khong con giot chat 1ong chay ra, can lai
léy $6 lidu my. Dung lugng hép phu cuc dai ctia
tirng mau vat liéu dugc tinh theo cong thirc:

Q: (1’1’12 - ml)/ml.

Két qua dung luong hip phu cuc dai
cia timg miu vat litu ddi véi n-hexane,
ethylbenzene duoc thé hién trén bang 4

Bing 4. Dung lwong hip cuc dai ciia 2 miu vt lidu véi n-hexane, ethylbenzene (g/g)

Mbi true Chit bi hap phu n - hexane Chit bi hap phu ethylbenzene
p‘ﬁﬁ;‘igl‘l‘g Q-sau thoi gian (phit) Q-sau thoi gian (phit)
20 | 40 60 80 100 20 40 60 80 100
Ethanol 321 14,86 | 6,89 | 6,8 | 6,79 | 443 | 4,67 | 598 | 599 | 598
Butyl acetate | 1,86 | 2,98 | 4,82 | 4,83 | 4,82 | 2,01 | 3,62 | 3,91 | 3,91 | 3,92

T cac két qua trén, co thé nhan
thdy dung lwong hdp phu cuc dai céc
VOCs phu thudc vao ty 1& khéi luong
graphene dugc phan tan. Ty I¢ nay cang
cao thi dung luwong hap phu cuc dai cac
VOCs cang lon. Vat liéu duoc phan tan
trong diéu kién nay ciing cho dung luong
hép phu cuc dai véi cac VOCs cao nhat,
dat tir 3,91 dén 6,89 g/g vat lidu. Gia tri

cao nhéat dat duoc khi méi trudng phan
tan la ethanol.

3.4. Hiéu suit hip phu VOCs ciia
vat liéu

Vit liéu duoc chon dé nghién ctru hi¢u
suét hép phu la vat liéu dugc phan tan
graphene bang dung méi ethanol. Qua trinh
nghién ctru duoc trinh bay tai muc 2. Két qua
duoc ghi trong bang 5.

Bang 5. Hiéu suit hip phu ethylbenzene vé6i lwu lwgng khi khac nhau

Vit liéu hip phu trén co sé graphene
Luru lugng Lwong ethylbenzene Lugng ethylbenzene Hiéu suét hap
(/s) bi hip phu (mg) thoat ra khoi cgt hap phu (%)
) ' phu (mg) i
1 30 0 100
2 60 0 100
3 90 0 100
4 120 0 100
5 150 0 100
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Qua két qua trén cho théy: Vat li¢u
hap phu c6 kha ning hap phu v6i hiéu suat
100% du téc d6 dong khi tuong ddi 16n
(51/s). Piéu nay cho thy vat liéu co kha
nang tng dung vao loc gié diéu hoa 6 t6 dé
hap phu VOCs.

4. KET LUAN

Tir nhitng két qua nghién ciru trén, co
thé khang dinh: Khi phén tan graphene voi ti
1€ 12 g graphene/1 lit ethanol dat trong may
siéu am ¢ tan sb 60Hz, trong thoi gian 100
phuat 1a diéu kién t&i wu dé ché tao vat lidu
hap phu. Vit liéu tao ra c6 kha ning hip phu
VOCs v6i hiéu suat hap phu, dung lwong hap
phu cuc dai cao.
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