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Tom tat

Nghién ciiu tinh todn cdc chi s6 méi trudng cho 4 trudng hop va 3 dang nguoén ndng lugng khdc nhau dvgc
khdo sdt cia qud trinh tong hgp CsN: mang GQDs bang phuong phdp phén tich dong vt chdt va cong cu WAR.
Nghién ciiu cho thdy, vit liéu CsN4 mang GQDs lam ting khd ndng tdc dong dén moi trudng ciia qud trinh
tong hop. Cdc héa chdt dugc sk dung dé tong hgp va vit liéu CsNs mang GQDs tao thanh khéng cé khad ndng
gay ra hién tugng dm lén toan cdu, sy suy gidm tdng 6-don va hién tugng oxy héa quang héa, tuy nhién, lai cé
kha ndang gy ra hién tugng axit héa. Viéc chuyén ddi tis sii dung than dd sang khi ty nhién gép phdn lam gidm
thiéu cdc tdc dong ciia qud trinh tong hop vit liéu dén moi trudong.

Tix khéa: Graphene chdm lugng tii, C.N,, phan tich dong vt chdt, khi ty nhién.

Ngay nhdn bai: 2/4/2025; Ngay siia chiia: 5/5/2025; Ngay duyét dang: 2/6/2025.

Modelling for environmental impact analysis of the synthesis
of graphene quantum dots - loaded-CN,

Abstract

The study calculated potential environmental impact indexes for four scenarios and three different types of
energy sources in the synthesis process of GQDs-loaded C N, using material flow analysis (SFA) and the WAR
(Waste Reduction Algorithm) tool. The results showed that the GQDs-loaded C )N, material increases the
environmental impact potential of the synthesis. The chemicals used in the synthesis, as well as the obtained
GQDs-loaded C;N; material, do not contribute to global warming, ozone depletion, or photochemical

oxidation. However, they do have the potential to cause acidification. Transitioning from coal to natural gas

as an energy source helps to reduce the environmental impacts of the material synthesis process.
Keywords: Graphene quantum dots, C N, material flow analysis, natural gas.

JEL Classifications: Q54, Q55, Q57.

1. DAT VAN DE

Vat liéu Graphene chdm lugng ttii (GQDs) la cac
tdm graphene c6 cdu tric 0D, c6 kich thudc nho hon
10 nm dang nhéan dugc sy quan tam ctia cong dong
khoa hoc nh¢ cé cic dic tinh nhu tinh tro vé€ mat hoa
hoc, doc tinh thap, kha nang tuong thich sinh hoc, than
thién v6i moi truong, hoat tinh huynh quang, phén tan
trong dung dich va dé dang bién tinh bé mit (Shehab
et al., 2017). Nho do, vat liéu GQDs dugc ting dung
dé€ ché tao ra cac thiét bi quang dién, cdc cdm bién va
dugc ung dung trong viéc chidn dodn biang hinh dnh
(Jin et al., 2015; Razmi and Mohammad-Rezaei, 2013;
Zhao et al,, 2011).

Graphitic carbon nitride (C,N,) dugc biét dén la vat
liéu ¢ cau truc nano s6 hiiu do bén cao vakhong doc vé
mdt héa hoc. Vitliéu C)\N, c6 thanh phan cdu tao gom
cac nguyén t6 C va N chiém lugng 16n va mot lugng
nho nguyén t6 H. Cac tién chat dugc st dung dé tong
hop C,N, bao gobm ammelide, ammeline, melamine,
melam, melem, va melon. Vat liéu CN, dugc xem la
16p vat liéu da chiic nang, c6 nhiéu ting dung trong

cac linh vuc vé dién hoa, xtc tac va ning lugng nho
vao cac tinh chét hoa ly, quang hoc va kha ning dan
dién ddc trung ctia vat liéu C\N,. Tuy nhién, mot trong
nhiing nhugc diém cta vat liéu C\N, la kha nang hap
thu anh sang trong vung kha kién thap. Do dé, cac
nha khoa hoc da ché tao ra vat liéu GQDs dugc mang
trén vat lieu C,N, d€ ting cuong kha nang hap thu anh
sang trong vung kha kién ctia vat lieu C\N, (Hanetal,
2024). Dong thoi, vat lieu CN, mang GQDs cho thay
kha niang hap thu dnh sang trong viing tl ngoai ciing
tang lén r6 rét (Phuong Thao et al., 2024). Tuy nhién,
chua c6 nghién ctiu nao st dung céng cu tinh toan dé
mo phong cic tac dong tiém 4n dén moi trudng cla
qua trinh téng hgp vat lieu CN, mang GQDs. Vi véy,
nghién ctiu nay tién hanh moé phong cac tac dong tiém
dn dén moi trudng cua qua trinh téng hop vt liéu
CN ,mang GQDs thong qua coéng cu tinh toan WAR.

2 POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Déi tugng nghién ciiu

Cac thong s6 moi truong dugc tinh toan tli qua trinh
tong hop vat lieu CN, mang GQDs (Phuong Thao et
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Hinh 1. Quy trinh tong hgp vat liéu CN, mang GQDs

al., 2024). GQDs dugc tong hgp tu qud trinh thiy nhiét
glucose va thdm tach dung dich sau thay nhiét bing
mang thdm tach. GQDs tao thanh dugc phoi tron véi
dycianamide réi tién hanh nung & 550°C. Tién hanh loc,
rtia dé€ thu dugc vat liéu C )N, mang GQDs (Hinh 1).

2.2. Phuong phdp nghién ciiu

- Phuiong phdp tinh todn cdc chi s6 moi truong

Nghién ctiu sti dung cong cu WAR d€ tinh todn cac
chi s6 mdi trudng ctia qua trinh téng hgp vat liéu C.N,
mang GQDs bao gém: Chi s6 rui ro gay doc tinh doi
v6i con nguoi thong qua duong tiéu hoa (HTPI), chi
s6 rui ro gay doc tinh d6i véi con ngudi qua tiép xic
(HTPE), chi s6 rui ro gay doc tinh déi v6i moi truong
nudc (ATP), chi s6 rui ro gay doc tinh doi véi moi
truong dat (T'TP), chi s6 rui ro gay ra hién tugng am
lén toan cau (GWP), chi s6 rui ro gay suy giam tang
0-don (ODP), chi s6 rui ro gay ra hién tugng oxy hda
quang héa (PCOP), va chi s6 rti ro gay ra hién tugng
axit hoa (AP). Cac chi s6 nay dugc tinh toan dua trén
cac dii liéu vé luu lugng ctia cac dong nguyén vat liéu,
vé ti phan khdi lugng ctia cac thanh phan tham gia vao
qua trinh tdng hgp (Barrett et al., 2011). Cac chi s6 nay
phan 4nh céc tac dong moi trudng tiém an thong qua
cac thong s6 PEI bao gom: t6c do phat thai PEI ra khoi
hé théng do cac qua trinh héa hoc tao thanh, P ;
toc do phat thai PEI ra khoi hé thong do cac qua trinh
san sinh nang lugng c6 ich, i ; t6c do phat thai PEI
ra khoi hé thong do su giai phong ning lugng du thtia
trong qué trinh san sinh ning lugng, {? ; PEI phat
thai ra khoi hé thong do sy giai phong ning lugng du
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thifa ti cic qué trinh héa hoc, iyt . Cdc gia tri nay

dugc tinh dya vao cin bang khéi lugng va nang lugng,
cung v6i thong tin vé tac dong moi truong ctia cac hgp
chét hdéa hoc va ning lugng theo cong thic sau:

(t) _ :(cp) - (ep) -(cp) :(ep)
bra = lra + lra + lwe + lwe (1)
.(c .(e .(c (e
O _EDED D
ra YpPp
i) =1 — P+ 1P — i+ iP + P (3)
© -+ il - i + P
lsan sinh YpPp (4)

Trong d6, PP la luu lugng dong ctia san phdm thi p
tao thanh trong qua trinh téng hop.

Qua trinh tinh todn cac chi s6 tdc dong moi trudng
dugc xem xét v6i 4 truong hgp: khong bao gom dong
san phdm va dong ning lugng trong qud trinh tinh toan
(TH1); chi bao gom dong san phdm trong qua trinh tinh
toan (TH2); chi bao gobm dong nédng lugng trong qua
trinh tinh toan (TH3); bao gébm ca dong san phim va
dong ning lugng trong tinh toan (TH4). Trong nghién
ctu nay, than da la vat liéu dugc sti dung lam ngudn
nang lugng cung cap cho qua trinh tong hop.

- Phuong phdp phan tich dong vat chdt

Nghién ctiu st dung phuong phap phan tich dong
vat chét (SFA) dé t6i uu cac dong vét chit trong qua
trinh tong hop vat liéu CN, mang GQDs & quy md
pilot. Phuong phap nay dua trén quy tic can bang khoi
lugng ctia cac dong vat chét ra va vao hé thong bao
gom cac qua trinh dugc gidi han trong duong bién
(Hinh 2). D€ t6i uu cac dong vat chét nay, nghién ctiu
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Hinh 2. S0 do dong vat chdt trong qud trinh tong hgp vat liéu C.N, mang GQDs
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Hinh 3. Téc dong moi trudng tiém dn cia qud trinh
tong hop vat liéeu CN, mang GQDs dén moi trudng
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Hinh 4. Cdc chi s6 thé hién tdc dong tiém dn cia qud
trinh tong hop vat liéu C.N, mang GQDs dén moi truong
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Hinh 5. Cdc chi s6 thé hién tdc dong tiém dn ciia
qud trinh tong hop vat lieu CN, mang GQDs dén
bdu khi quyén
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st dung phan mém STAN 2.7 cho cac phép tinh t6i
uu héa céc gia tri luu lugng cta cdc dong ludn chuyén
trong hé thong khao sat.

3. KET QUA VA THAO LUAN

3.1. Phén tich tdc dong méi trudng tiém dn tong
cong ctia qud trinh tong hop vat liéu CN, mang GQDs

Cac gid tri PEI ctia dong dau ra méi gio 6 4 TH dugc
khao sat trong Hinh 3 cho thay, gia tri PEI ctia dong dau
ra mdi gio 6 TH2 va TH4 16n hon gia tri PEI 6 TH1
va TH3 chiing t6 vat lieu C,N, mang GQDs lam ting
kha nang tic dong dén mdi trudng clia qua trinh téng
hgp. Mit khac, gia tri dong san sinh mbéi gio & cac TH
déu mang gia tri duong cho thiy dong dau vao ctia qua
trinh t6ng hgp cé téc dd phat thai mdi gid 16n hon téc
do phat thai mdi gio cta dong dau ra.

3.2. Phan tich djc tinh tiém dn ciia qud trinh tong
hop vit liéu C.N, mang GQDs

Hinh 4 cho thay, tac dong tiém &n ctia qua trinh tong
hop vat lieu C)N, mang GQDs dén moi truong dugc
thé hién qua cac chi s6 HTPI, HTPE, TTP va ATP &
cac truong hop dugc khao sat. Qua trinh téng hop vét
liégu C,N, mang GQDs c6 kha ndng dnh hudng dén mai
truong dat va con ngudi cao hon moi trudng nudc.
Trong dé, cac tic dong tiém 4n dén moi trudng chu yéu
dén tu vat liéu C,N, mang GQDs (TH2 va TH4). Céc
chis6 HTPI va TTP chiém ti trong nhu nhau trong téng
gia tri PEI moi gi® ctia dong déu ra 6 moi trudng hop,
1an lugt 12 26,7 % (TH1), 49,3 % (TH2), 25,1 % (TH3)
va 48,9 % (THA4).

3.3. Phan tich tdc dong tiém dn cia qud trinh tong
hgp C3N4 mang GQDs dén bdu khi quyén

Két qua phén tich cac chi s6 phan anh tac dong tiém
dn ctia qué trinh tong hgp C,N, mang GQDs dén bau khi
quyén trong Hinh 5 cho thdy, cac hda chit dugc st dung
trong qua trinh téng hop va vét lieu C,N, mang GQDs
tao thanh khong c6 kha nang gay ra hién tugng am lén
toan cau, sy suy giam tang 6-don va hién tugng oxy hoa
quang hoa. Tuy nhién, cac hoa chat dugc stt dung trong
qua trinh t6ng hop lai ¢ kha ning gay ra hién tugng axit
héa. Ngoai ra, ngudn ning lugng cung cép cho qua trinh
téng hop c6 kha nang gay ra hién tugng 4m lén toan ciu
va lam gia tdng kha ndng gay ra hién tugng axit hoa ctia
qua trinh tong hgp. Kha ning gay ra hién tugng am lén
toan cdu ctia ngudn nang lugng cung cp cho qua trinh
tong hop dugc phan anh qua gia tri PEI cua dong déu
ra moéi gid ctia qua trinh tong hgp (9.1x10-4 PEI/kg san
phdm tao thanh) cao hon so véi tiéu chudn GreenHouse
Gas Protocol, 2015 (Institute, 2015).

3.4. Phan tich tdc dong méi trudng tiém dn cia cdc
dang nguon ndng lugng khdc nhau cung cdp cho qud
trinh tong hgp CsNa« mang GQDs
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Hinh 6 cho théy, gia tri PEI ctia cac chi s6 moi trudng
thé hién tdc dong tiém &n clia qud trinh téng hop CN,
mang GQDs dén moi trudng khi ngudn nang lugng
cung cip cho qua trinh téng hgp thay déi tu than da
sang dau mo va khi tu nhién. Chi s6 PEI cta dong dau
ra moi gio ctia qua trinh téng hgp giam dan khi nguén
nang lugng cung cdp chuyén tu than dd sang ddu mo
va khi ty nhién (khoang 5,3 %). Su suy giam gia tri PEI
cht yéu dén tii cac chi s6 AP, GWP va ATP. Diéu nay
cho théy viéc chuyén dai tu stii dung than da sang khi
tu nhién gop phéan lam giam thiéu cac tac dong cta qua
trinh téng hop vt liéu dén moi trudng.

4. KET LUAN

Qua trinh tinh todn cac chi s6 mdi truong ctia qua
trinh tng hop vét liéu C,N, mang GQDs cho thay vat
liéu C,N, mang GQDs lam tang kha nang tac dong dén
modi trudng cua qua trinh téng hgp c6 téc do phat thai
ctua dong dau vao 16n hon t6c do phat thai ctia dong
dau ra. Cac hoa chat dugc st dung trong qua trinh tdng
hop va vat liéu C)N, mang GQDs tao thanh khong c6
kha nang giy ra hién tugng 4m 1én toan cau, sy suy
giam tang 6-don va hién tugng oxy héa quang hda, tuy
nhién, lai c6 kha nang gay ra hién tugng axit héa. Viéc
chuyén d6i tit st dung than da sang khi tu nhién gép
phén lam gidm thiéu cac tic dong cta qud trinh tong
hop vat liéu dén modi trudng.

Loi cdm on: Nhom tdc gid xin chan thanh guii 16i cdm
on Dai hoc Quéc gia Thanh phé H6 Chi Minh va Vién
Moi truong va Tai nguyén da ho trg va tao diéu kién
thudn lgi cho chung t6i hoan thanh bai viét. Nghién ciiu
nay dugc thuc hién trong qud trinh khdo sdt thuc hién
dé tai khoa hoc cong nghé cdp Dai hoc Qudc gia, ma so
DN2022-24-01, tén dé tai “Nghién ciiu va trién khai iing
dung quy trinh cdi tién va hiéu qud xit ly chdt thdi ao nudi
tom siéu tham canh c6 tudn hoan nudc tai DPBSCL’m
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