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Traffic dust is a toxic compound that, when exposed to humans over
prolonged periods, can easily cause skin irritation, respiratory issues,
headaches, dizziness, fatigue, nausea, and can impair the function of
the liver, kidneys, and central nervous system, potentially leading to
cancer. Currently, materials (air conditioner filters) primarily serve the
purpose of filtering dust of specific sizes. This paper presents the results
of a study on the ability of a material, created from car air filter
membranes and supplemented with graphene, to adsorb traffic exhaust
gases. The results indicate that the material can almost completely
prevent traffic dust from entering the car without affecting the airflow

inside.

Gidi thiéu chung

Trong qué trinh hoat déng, cac phuong tién giao
théng da thai ra mdi trudng nhiéu khi déc nhu cacbon
oxit, cachbon dioxit, nita dioxit va cac hgp chét hiu cg
dé bay hai (VOCs).... Tly theo ting loai dong cc va
nhién liéu ma khéi lugng cac chét thai ddc hai chiém ty
lé khac nhau trong khi xa [2]. Khi hit phai nhing khi
nay dé cdm thdy dau dau va cé thé gay ung thu. Viét
Nam cé rat nhiéu 6 t& xe may dang luu thdng, Vi
nhiéu xe d& qua cl dang tao ra su © nhiém moi trudng
nghiém trong. Cac khi thai dong cg dét trong nay theo
dudng gid diéu hoa vao trong khoang xe 6 t6 gay cdm
giac kho chiu va hai cho sic khde con ngudi. Do do
viéc nghién cu vat liéu cd kha nang ngan can bui, cac
thanh phan déc hai ciia déng ca dét trong vao khoang
xe 6 t0 la viéc lam c6 y nghia cao.

Graphene la chéat cé dién tich bé mat I6n, theo ly
thuyét khoang 2640 cm?/g, cao han nhiéu so vdi than
hoat tinh [7,8] vi vay chung c6 khad nang hap phu cao,
duagc st dung lam nguyén liéu dé téng hop vat liéu cd
tinh h&p phu cao [2], c6 kha nang dan dién t6t véi muc
doé truyén qua cao nén vét liéu nay da dugc st dung
lam dién cuc trong sudt —mot bd phan thiét yéu trong
cac thiét bi nhu man hinh cdm Uing, man hinh tinh thé
long, t€ bao quang dién, pin mat trdi ... VGi dién tich
bé mat I6n, mang graphene cé thé dugc xem la vét
liéu t&t cho céc loai cdm bién khi, cdm bién sinh hoc
[4,5]. Trong inh vuc ban dan, graphene con dugc sut
dung dé ché tao siéu tu, cac transistor kich thudc nano,
cac linh kién trong vi mach tich hap v.v... [6].

BS loc gid diéu hoa 6 t6 ¢ hinh dang mét tdm man
loc gép khic (tdng bé mat luu thong khi) dugc tao nén
tU cac tdm cotton va khung bao boc xung quanh. Tam
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loc gid diéu hoa ¢ t6 dugc sU dung trén cac phuong
tién 6 t6, nham dam bao khong khi sach bui cho ngudi
lai va hanh khach. B6 loc gid digu hoa 6 t6 déu cé tac
dung cho khéng khi di qua va ngan can lai cac hat bui
gita hé théng lam mét, sudi va 16 théng haoi diéu hoa
khong khi. Mot s6 loai hé théng loc cd tém than hoat
tinh ¢ thé khi mui héi dé khong khi trg nén trong
lanh han. Tuy nhién thuc té cho thdy, cac tdm loc gid
diéu hoa tdm than hoat tinh nay déu chua cé gidy
chiing nhan clia co quan c6 thdm quyén vé loc cac khi
thai clla dong ca dét trong tU bén ngoai vao trong xe.
Trén ca s& tam loc gid diéu hoa 6 t6 chi ¢ tac dung
gitr lai bui, tac gid nghién cliu quy trinh phan tan, két
dinh graphene tao thanh vat liéu cé kha nang gir lai
bui va hap phu céac thanh phan cta khi thai dong co
dét trong doc hai ma khong anh hudng téi luu lugng
khong khi vao trong xe.

Thyc nghiém va phuong phap nghién ciu
Héa chdt

Hoa chét sir dung trong nghién cliiu gém: Graphene
da I6p co xudt xit My, dugc cung cép cép bdi ACS
Material loai Type C c6 db day 2 — 3mm, ham lugng
carrbon > 99%, do dan dién 500 — 600 S/m, dién tich
bé mat riéng khoang 700m?/g. Ethanol, butyl acetate,
n-hexane do Zhengzhou Meiya Chemical Products Co.,
Ltd  san xudt, sdn phdm dat CAS 123-86-4.
Ethylbenzene do The Dow Chemical Company (M)
sdn xudt, keo silicon dugc san xuat bdi Tonsan (Trung
Quéc) c6 dd nhdt 400000 cP, dbc cing 3,5MPa., do
gian khi kéo dai 500%. Tam loc gi¢ diéu hoa so
DENSO  Corporation sdn  xuat dugc lam tu
polypropylene.

Nghién ctu phan tan Graphene

Graphene dudc phan tan bang siéu am két hap nhing
phu, dua vat liéu graphene da I6p bdm dinh trén nén
tdm loc gid , tao ra vét liéu mai co kha néng hép phu
VOCs . Quy trinh ché tao vat liéu gdbm 5 budc nhu sau:
Phan tan graphene trong dung mdi phan tan ethanol;
butyl acetate & maéi truong siéu dm tan s6 60 Hz;
Nhung tdm loc gié vao hdén hop graphene da phan
tan; Say vat liéu; Nhung vat liéu trong dung dich keo
silicon két dinh; Séy kho vat liéu thanh phém.

Ty 1é graphene/dung méi phan tan dugc khdo sat &
cactylé 3; 6;9; 12; 15 g/L. Thai gian siéu am 20, 40, 60,
80, 100 va 120 phut. Hiéu qua phan tan dudc danh gié
théng qua ty 1é khéi lugng graphene phan tan vdi khoi
luong vat liéu sau phan tan.

Ty & graphene phan téan/vat liéu dugc tinh theo cong
thice (1):
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Khoi lwgng vat liéu sau khi phan tan-khéi lwong tim loc gié ban dau

Khéi luong vét liéu sau khi phan tan

%G =

X100% (1)

Nghién ctu dung lugng hdp phu cuc dai

Dung lugng hdp phu cuc dai déi vdi cac VOCs trong
néi dung nghién cu nay la n-hexane va ethyl benzene
dugc xac dinh bang cach théi VOCs vao ¢t chira vat
liéu hdp phu da mang graphene (khéi lugng m1) ¢
gan can dién ti dén khi khdi luong khong déi (khéi
lugng m?2). Dung lugng héap phu cuc dai (Q) cla vat
liéu dugc tinh bang cong thic (2):
Q= (M2 —=mT)/m1. (9/9) (2)

Nghién ciu hiéu sudt hdp phu.

Hiéu sudt hdp phu cua vét liéu trong phong thi
nghiém dugc khao sét trén hé théng mé hinh hép phu
dugc thiét ké nhu sau:
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Hinh 1. So dé mé hinh hap phu hai VOCs trong phong
thi nghiém

Cac hédp phu n — hexane va ethylbenzene trong méay
tao khi (1) va nitg vd&i dé tinh khiét 99,999%, dudgc s
dung lam khi mang. Téc d6 dong chdy cla dong khi
dugc diéu khién bdi mét van (3) va dugc do bang
doéng ho do luu lugng (2). Nong dé ban déau clia céc
hop chét hitu co dé bay hai dugc kiém soat & mic 500
mg/m3. Sai carbon héng ngoai va éng xoan &c thach
anh (4) dugc st dung dé gia nhiét hdp phu. Nhiét do
khoéng khi bén trong budng dugc do bang nhiét ké ky
thuat s6 (5). Vat liéu hdp phu dugc dé trong budng (7)
va can ky thuat s& (11). H6n hop khi dugc dua vao dudi
clng cla cot va chay ngugc lén qua Idp c6 dinh vat
liéu hdp phu. Nhiét do cua khi trong buéng dugc do
bang nhiét k& k§ thuét s& (6). Can k§ thuat s (11) dugc
st dung dé do lugng VOCs bj hép phu dua trén su gia
tang cla trong lugng . Nong dé déau ra cla VOCs
dugc do bang méy phén tich VOCs (PGM-7300, RAE
Systems) (s6 8). Thiét bj dugc lap trong mét vo boc co
6ng Teflon (14), dugc st dung dé cach nhiét.
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Binh (1) chlfa n — hexane va ethylbenzene, st dung luu
luong ké 2 dé kiém soét luu lugng dong khi di vao cét
hép phu & cac luu lugng lan lugt 1a 1, 2, 3, 4 va 5 I/s.
Do lugng VOCs bi hdp phu bang can ki thuét s6 6 va
do lugng VOCs bi thoat ra qua may phan tich VOCs 8.
Hiéu suét hdp phu dugc tinh bang cong thiic (3):

Lwong VOCs bi hap phu
Luweng VOCs duoc dwa vao ban dau

Hiéu sudt hdp phu = X 100% (3)

Nghién ctu luu lugng gié qua tdm hdp phu

Do luu lugng gid théi vao trong xe ¢ t6 dudc so sanh
trong 2 trudng hagp: SU dung tdm loc gié nguyén ban
chua mang graphene va khi st dung tdm loc gi¢ da
mang graphene.

Hinh 2. Tdm loc gid chua mang va cd mang graphene

Méay do t6c dé gi6 Anemometer (Uc), dudc dat &
khodng cach c6 dinh trudc clia gi¢ diéu hoa ¢ t6. Bat
téc db quat thay déi tir 1 dén 5, do va so sanh t6c do
giod trong hai trudng hagp trén.

Két qua va thao luan
Nghién citu dung méi phan tan téi uu

Can chinh xac nhiing lugng 6; 12; 18; 24, 30 g
graphene cho vao 2 binh, mét binh dung ethanol 2000
ml, binh 2 cling dung butyl acetate 2000 ml, 2 tam loc
gi¢ dudc nhuing ngép vao 2 binh cling st dung tan s6
siéu am 60 Hz. Sau céc khoang thai gian 20, 40, 60,
80,100 va 120 phut, 18y cac tdm loc giod, séy khd hoan
toan, can lai khdi lugng va tinh todn lugng graphene
phan tan trong tém loc gid. Két qua ty lé khéi lugng
graphene phén tan/khéi lugng tém loc gié da phan
tan graphene tinh theo % dugc thé hién & hinh 3A va
hinh 3B.

K&t qua cho thédy hiéu qua phan tédn graphene theo
thai gian phan tan & cac ty 1é khac nhau, & thdi gian
100 phut siéu am, ty 1é graphene 12g/L ethanol, lugng
graphene dugc phan tén dat t6i uu, cao nhét vdi ty 1é
khéi lugng graphene trén t6ng khéi lugng vat liéu sau
phan tan dat 5,64%. D&i vd&i butyl acetate cling cho
thdy & cac ty lé graphene/butyl acetate thip han

12g/L, ty lé phan tan cla graphene thdp va dat cao
nhat & ty lé 12g/L butyl acetate va thdi gian siéu am
100 phut, graphene cé khd nang phan tan cao nhat,
dat ty 1€ 5.12%.

6
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Hinh 3. D6 thi biéu dién ty [é G% theo thdi gian khi
dung mdi la (A) ethanol va (B) butyl acetate. (C) Anh
SEM cla vat liéu ché tao thir nghiém

Quan sét trén anh SEM hinh 3C, c6 thé thdy rang
graphene dugc phan téan vao I6i trong cla vat liéu
phan tén tuong déi dong deéu. Vat liéu phan tan
graphene trong cd 2 moi trudng & ty lé 12g/L, tan s6
siéu am 60 Hz, thai gian 100 phut cling dugc st dung
dé nghién cltu tiép theo.

Dung lugng hdp phu cuc dai cGia cdc mdu vat liéu

Cac méau vat liéu khdo sat & ca 2 moi trudng phan tan:
ethanol, butyl acetate & cac ty 1é 3g/L, 6g/L, 12g/L, sau
khi dugc két dinh bang keo silicone dugc tién hanh thi
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nghiém xac dinh dung lugng hap phu cuc dai. Két qua
dung lugng hép phu cuc dai clia tiing mau vat liéu déi
vGi n-hexane, ethylbenzene dugc thé hién trén bang 1:

Bang 1. Dung lugng hép cuc dai ciia 2 mau vat liéu khi
st dung dung mdi n-hexane, ethylbenzene (g/q)

MOi Q dai vdi chat bi Q dai vdi chat bi

trudng hap phun - hap phu
phan hexane & cactylé  ethylbenzene & cac
tan graphener/dung ty lé
maoi khac nhau graphener/dung
m&i khac nhau
3g/L 6g/L 12g/L 3g/L 6g/L 12g/L
Ethanol 296 6,78 691 267 648 6,99

Buty!
acetate 182 482 587 161 395 571

TU cac két qua trén, co thé nhén thdy dung lugng hép
phu cuc dai cac VOCs phu thudc vao ty 1é khéi luong
graphene dugc phan tan. Ty 1é nay cang cao thi dung
lugng hép phu cuc dai cac VOCs cang cao. Vat liéu
dugc phan tan trong diéu kién nay cling cho dung
lugng hap phu cuc dai vdi cac VOCs cao nhét dat 6,99
g/g vat liéu, & ty lé phan tan graphener/dung la 12g/L .
Gi4 tri cao nhat dat dugc & dung phan tan la ethanol.
Vi vay, vat lieu phan tan graphener trong moi trusng
ethanol dugc st dung khéo trong thi nghiém tiép theo.

Hiéu sudt hdp phu VOCs cia vit liéu

Vat liéu dugc chon @é nghién clu hiéu sudt hdp phu la
vat liéu dugc phéan tan graphene bdng dung moéi
ethanol ty 1& phan tan graphener/dung la 12g/L . Qué
trinh nghién ctu dugc trinh bay tai muc 2.4. Két qua
dugc ghi trong bang 2.

Bang 2. Hiéu suét hdp phu ethylbenzene vdi luu lugng
khi khac nhau

Téc do Vat liéu hdp phu trén cg s& graphene
gié Luong Luong Hiéu
(I/s) ethylbenzene ethylbenzene  suédt

bi hdp phu  thoét ra khoi hap
(mg) cét hdp phu  phu (%)
(mg)
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 thay: Vat liéu co khd néng hap
phu vdi hiéu suat 100% du t6c doé dong khi tuong doi
I&n (5/5). Biéu nay cho thdy vat liéu cé khd nang Ung
dung vao loc gi6 diéu hoa 6 t6 dé hdp phu VOCs.

Nghién ctu luu lugng gié qua tdm hdp phu

Quaé trinh nghién ctu duac tién hanh nhu trinh bay tai
muc 2.5. Téc dd quat gid trong xe dugc bat tir bé nhat
dén to nhét (tUr cdp 1 dén cép dd 5) trong ca 2 trudng
hop khi st dung tép loc gid nguyén ban va khi thay
bang tdm da phd graphene. Két qua dugc trinh bay
trong bang 3.

Bang 3: T6c do gid khi st dung t&dm loc nguyén ban va
tdm co phu graphene

Cép do 1 2 3 4 5
bat gid

Tém loc 18 2,9 3,8 4,5 52
gio m/s m/s m/s m/s m/s
nguyén

ban

Tém loc 18 3m/s 38 43 52
gi6 pht m/s m/s m/s m/s
graphene

TU két qud bang trén cho thay: vdi dai toc do quat
thay déi tir 1 dén 5 thi t6c dé gid gén nhu khéng co su
thay déi khi so sanh 2 trudng hop vdi nhau. Diéu do,
ching t6 tdm loc gié mang graphene dugc két dinh
bang keo khéng anh hudng téi luu luong khi vao trong
xe O 10.

Két luan

Khi s&r dung tdm loc gié diéu hoa 6 t6 chi co kha nang
loc bui, mang thém graphene trong diéu kién téi uu,
thi ngoai kha nang loc bui, tap loc gi¢ con c6 kha néng
hap phu nhitng VOCs c6 trong khi théi clia dong co dét
trong. Két quéa cling cho thay khi mang graphene, tdm
loc gié khong anh hudng t&i luu luong khdng khi vao
trong xe 6 t6. Khdo sat tai Cong ty oto Qudc té VSIP Dia
chi tai s6 68 bucng Méng Nudc, Tan Duong, Thuy
Nguyén, Hai Phong c6 st dung san pham lap cho khéch
hang, cho théy tét ca cac khach hang st dung san pham
déu hai long va co6 cdm quan tét vdi khodng khi trong 6
to khi xe di sau nhiing xe thai khdi den cling nhu di vao
ven kénh c6 ngudn nudc 6 nhiém.

Viéc nghién ctu hdp phu cac khi thai khac clia dong co
dét trong, anh hudng cla céc khi khac nhau tdi dung
lugng hép phu cuc dai cling nhu kha nang gidi hép
phu, tai s dung vat liéu sé& dugc trinh bay & bai béo
ti€p theo.
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