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Tém tat: Graphene va céc vét liéu graphitic dang
tdm c6 trién vong tmg dung trong son pht béo vé kim
loai nhor khd néng tao hiéu ung che chédn va kéo dai
duong khuéch tan cda céc tac nhén &n mon qua
mang phd. Tuy nhién, viéc ché tao vat liéu dang tdm
tee graphite bang quy trinh don gién, chi phi thép va
phu hop véi méi trudong nwée van can duoc danh gié
déng thoi & cé trang thai huyén phu, trang thai bét
khd va trong hé son phd. Nghién ciru nay khdo sat
qué trinh tach |6p graphite bdng phuwong phép co hoc
trong dung dich, gém nghién bi wét, xi ly siéu am va
st# dung chét hoat déng bé méat sodium
dodecylbenzene sulfonate (SDBS) dé hé tror phan
tan. S&n phdm duwoc danh gia théng qua hiéu suét
thu héi sau ly tam, phé Raman, dién tich bé mét riéng
BET va thd nghiém tng dung buéc dau trong son
phd acrylic hé nuéc. Két qua cho thdy khi téng thoi
gian ly tam tcr 20 1én 60 phat, ham lwong rén thu héi
gidm ter khodng 27% xudng khodng 6%, phan anh sy
dénh déi gidra san long thu héi va mare do phan loai
phén vét liéu phan tan 6n dinh hon. Phéan tich Raman
xac nhan s xuét hién cua cac dai D, G va 2D dic
trung cda vét lidu carbon graphitic. So véi méu chi
nghién, buéc siéu dm lam téng ty sé (laolls), gidm ty
s6 (Io/lc) va lam dai 2D ré hon, cho thay trang thai
xép 16p cua graphite da thay déi theo huéng tach 16p
tét hon. M4u c6 SDBS c6 (lxo/lc) gén twong duong
mau siéu 4&m khéng SDBS nhung (Ibllc) cao hon, goi
y dnh hudéng cia SDBS dén trang thai bé mat, mat
d6 mép tdm va kha ndng phan tan. Két qua BET cho
thdy mau graphite sau nghién dat dién tich bé mat
riéng khodng 262,94 m2/g, trong khi m4u sau siéu am
chi dat khoang 19,77 ma/g; sw khac biét nay duwoc
dién gidi la hé qua cda tai xép chéng va anh huéng
ctia thanh phan hitu co/phu gia con tén duw khi
chuyén méau tir huyén phu sang trang thai bét kho.
Trong thdr nghiém phun mudi 72 gic, hé son cé ty 1é
graphene/graphitic: nhua 1a 1:3 cho bé mét phd déng
déu hon va it d4u hiéu &n mon hon so véi céc ty |1é
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1:1 va 1:2. Két qua cho thay tiém ndng cia phuwong
phép co hoc trong dung dich dé tao phu gia graphitic
dang tdm cho son phi hé nuéce, déng thoi chira nhu
céu téi wu thém qua trinh phén tan, thu héi, x& ly sau
tach 16p va danh gia chéng &n mon bang cac phép
thir dinh luong.

Tw khoa: graphene; graphite; nghién bi; siéu am;
SDBS; dién tich BET; raman; son pht hé nwéc; phun
muoi.

Abstract: Graphene and graphitic sheet materials
are promising additives for metallic protective
coatings because they can provide a barrier effect
and increase the diffusion pathway of corrosive
species through the coating film. However, the
fabrication of sheet-like graphitic materials from
graphite by a simple, low-cost, and water-compatible
process still requires careful evaluation in dispersion,
dry-powder, and coating states. This study
investigates the liquid-phase mechanical exfoliation
of flake graphite by wet ball milling, ultrasonication,
and dispersion stabilization using  sodium
dodecylbenzene sulfonate (SDBS) surfactant. The
obtained materials were characterized by solid
recovery after centrifugation, Raman spectroscopy,
BET specific surface area, and preliminary
application in acrylic water-based coatings.
Increasing the centrifugation time from 20 to 60 min
reduced the recovered solid content from
approximately 27% to 6%, indicating a trade-off
between material yield and the enrichment of more
stably dispersed fractions. Raman analysis
confirmed the characteristic D, G, and 2D bands of
graphitic carbon materials. Compared with the milled
sample, ultrasonication increased the (lzp/lg) ratio,
reduced the (Io/lg) ratio, and made the 2D band more
distinguishable, suggesting a change in the stacking
state of graphite toward improved exfoliation. The
SDBS-containing sample showed an (l2o/lg) ratio
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comparable to that of the ultrasonicated sample
without SDBS, but a higher (Ip/lg) ratio, suggesting
that SDBS mainly affected the surface state, edge
density, and dispersion behavior rather than
providing direct evidence of a lower number of layers.
BET results showed that the milled graphite sample
had a specific surface area of about 262.94 m/g,
whereas the ultrasonicated sample showed only
about 19.77 m2/g. This decrease was attributed to
restacking and to the possible shielding effect of
residual organic additives during conversion of the
dispersed material into a dry powder. In the 72 h salt
spray test, the coating with a graphitic material-to-
resin ratio of 1:3 exhibited a more uniform surface
and fewer corrosion marks than the 1:1 and 1:2
formulations. The results indicate that liquid-phase
mechanical exfoliation is a feasible route to produce
graphitic sheet additives for water-based coatings. At
the same time, further optimization of dispersion,
recovery, post-treatment, and quantitative corrosion
evaluation is required.

Keywords: graphene; graphite; ball milling;
ultrasonication; SDBS; BET surface area; Raman
spectroscopy; water-based coating; salt spray test.

1. Dat van de

Graphene la vat liéu carbon hai chiéu cé c4u tric
mang luc giac sp?, dwoc quan tam réng réi nho do
bén co hoc, dd dan dién - dan nhiét cao va kha nang
can khuéch tan tét. Trong linh vuc vat liéu pha, cac
tAm graphene phan tan trong pha polymer c6 thé lam
tdng dd quanh co cta dwong khuéch tan dbi voi
nwdc, oxy va ion clorua, qua dé lam cham qué trinh
tiép can cta moi trudng xam thwc dén bé mat kim
loai. Tuy nhién, hiéu qua bao vé nay chi phat huy khi
graphene duwoc tach I6p va phan tan hop ly; sy két
tu hodc tai xép chdng cla cac tAm graphene c6 thé
lam gidm dién tich b& mat hiru hiéu, tao khuyét tat
cuc bd trong mang son va lam suy giam tinh én dinh
cua lép pha.

Tré ngai chinh dbi véi rng dung graphene trong
son pha khéng chi ndm & ban than tinh néng vat liéu,
ma con & cong nghé ché tao va kha nang tich hop
vao hé son. Cac phwong phap nhw ladng dong hoi
héa hoc (CVD) c6 thé tao graphene chét lwong cao
nhwng ddi hai thiét bj va diéu kién cong nghé phirc
tap. Phwong phap oxy héa - khir graphite thuan lgi
hon cho san xuét khéi lwong I6n, song thwong dé lai
nhém chirc oxy va khuyét tat trong mang carbon sp2.
Trong khi d6, cac hwéng tach I6p dién hoa va tach
I&p pha 16ng c6 trién vong hon vé chi phi, méi trwdng
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va kha nang mé rong, nhwng van can téi wu dong
thoi dung méi, nang lwgng x& ly, tic nhan én dinh
huyén phu va cong doan thu héi san pham [1, 2, 3, 4]

Trong béi canh dé, tach I&p co hoc trong dung
dich la hwéng tiép can thwe dung dbi véi cac tng
dung can lwong phu gia twong déi Ién nhw son ph.
Nghién bi wét cé thé lam giam kich thwéc graphite,
tao thém mép tdm va hd tro dung dich tham nhap vao
vung lién 16p; x& ly siéu am sau d6 cung cap ning
lwong cuc bd théng qua hién twong xam thwc am
hoc, gép phan béc tach graphite thanh graphene vai
I&p. Cac nghién ctru vé& nghién bi, siéu am va tron cat
cao cho thay phuong phap co hoc trong pha 16ng c6
tiém ndng m& rong quy md néu kiém soéat tdt ndng
lwong xt ly va bwéc phan loai san pham sau tach
I6p [3, 4, 5, 6]. Mot van dé then chét cia quy trinh
tach 1&p trong nwéce & dn dinh huyén phu graphene
sau khi boc tach. Do twong tac van der Waals gitra
céac lép carbon, cac tAm graphene cé xu hwéng tai
két tu néu khong c6 tAc nhan 6n dinh phu hop. Chét
hoat déng bé mé&t, trong d& cé sodium
dodecylbenzene sulfonate (SDBS), c6 thé hap phu
Ién bé& mat graphitic théng qua phan ky nwéc, trong
khi nhém wa nwéc hé tro phan tan trong méi trudng
nwéc. Céach tiép can nay phu hop véi muc tiéu ché
tao phu gia cho son pha hé nwéc, nhung lwong chéat
hoat dong bé mat tdn dw ciing c6 thé anh hwéng dén
qua trinh lam kho, két qua do dién tich bé mat riéng
va mét sb tinh chét dai han cta mang phu [7,8].

Vi vay, viéc danh gia graphene ché tao béng
phwong phap co hoc trong dung dich can dua trén
nhiéu chi tiéu b tro' thay vi mét phép do don 1&. Phd
Raman cho phép nhéan dién cac dai D, G va 2D, tw
do danh gia twong dbi mirc d6 trat tw, mat do khuyét
tadt va xu hwédng hinh thanh graphene vai 1&p [9].
Nguwoc lai, dién tich b& mat BET phan anh phan bé
mét tiép can dwoc & trang thai kho va co thé bj chi
phdi b&i hién twong tai xép chéng hoac chét hoat
dong bé mat con bam trén mau. T co s& d6, nghién
clru nay tap trung khao sat quy trinh nghién bi wét
két hop siéu &m c6 st dung SDBS, ddng thoi lién hé
hiéu suat thu hdi sau ly tam, d&c trung Raman - BET
va kha nang trng dung so bd trong son phu acrylic
hé nwéc chéng &n mon.

Diém méi clia nghién clru khéng ndm & viéc dé
xuét mot co ché béc tach graphite hoan toan méi, ma
& cach khao sat lién tuc mot chudi xt ly trong moi
trwdng nwéc, tr nghién, siéu am va phan loai dén
d&c trwng vat liéu va thtr nghiém tich hop buéc dau
trong son acrylic hé nwéc. Cong trinh ddng théi lam
rd hai van dé thuc dung thwdng duwoc xem xét riéng
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ré: sw danh ddi gitra hiéu suét thu héi va mic do
phan loai sau ly tdm; va sw khéac biét gitra trang thai
céu trac cuc bd qua Raman véi dién tich bé mét tiép
can dwoc cla bot khé qua BET. Bong gop cla
nghién ctru vi vay dwoc xac dinh & tinh tich hgp cla
toan chudi quy trinh va pham vi (rng dung hwéng toi
phu gia graphitic dang tAm cho son phi hé nwéc,
thay vi mot tuyén bd wu tién chwa dwoc kiém chirng
hoac muc tiéu tao graphene don I&p hoan hao.
2. Vat liéu va phwong phap nghién ciru
2.1 Vat liéu va quy trinh tach Iép graphene
Nguyén liéu ban dau la graphite vay, dwoc st
dung lam nguén carbon I6p dé ché tao graphene
bang phwong phap co hoc trong dung dich. Nuéc
dwoc dung lam mbi trwdng phan tan chinh.
Polycarboxylate ether (PCE) dwoc bd sung trong giai
doan nghién wét véi vai tro hd tro phan tan hat va
han ché két tu trong qua trinh tac déng co hoc. Chét
pha bot dwoc sir dung nham gidm hién twong tao bot
khi nghién va khudy trén. Trong nhanh khao sat c6
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chét hoat ddng bé mat, SDBS dwoc dung dé hd tro
4n dinh huy&n phu graphene trong nwéc sau qué
trinh tach lép.

Quy trinh tach I&p gém hai giai doan chinh:
nghién bi w6t va xr ly siéu am. O giai doan dau, 200g
graphite vay duwoc nghién wét véi 700g nwéde, 10g
PCE va 1g chét pha bot trong 120 phit. CAc thiét bj
chinh st dung trong qua trinh xt ly co’ hoc huyén phu
graphite gdm may nghién tc dd cao va thiét bj siéu
am dau do, nhw trinh bay & Hinh 1. Muc dich cla
bwéc nghién 1a 1am gidm kich thuwéc hat graphite, tao
thém mép tdm va khuyét tat cuc bo, qua doé l1am suy
yéu mot phan tuong tac gitra cac Iép graphite va tao
diéu kién thuan loi cho qué trinh béc tach tiép theo.
Sau nghién, huyén phu dwoc khir tir nham han ché
anh hwéng cla tap kim loai c6 thé phét sinh trong
qué trinh nghién co hoc. Huyén phu sau dé dwoc xd
ly siéu am trong 60 phut d& cung cap nang lwong co
hoc cuc bd, hé tro qua trinh tach cac 1&6p graphite
thanh cac tAm graphene ho&c graphene vai 1&p.
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Hinh 1. T,hié't bj chinh dung trong quy trinh tach lop co hoc:
(a) thiét bj siéu &m dau do; (b) may nghién téc dd cao

Bat dau xu ly

-

Chuén bj hé phan tan

Siéu am phan tén

Can khai lugng va
Phén tich mau

+  Can khdi lugng
+ Phan tich Raman
+ Phan tich BET

A

Diéu chinh diéu kién
phan tan

Pat

¥

WV

Thu phan huyén phu ndi
phia trén

[ S&y phan thu hoi J

| v
[ Tang thai gian ly tam ] [ Ly tdm phén loai J
L)

1 Khéng

Khai lugng

N
*San pham trung gian la huyén phu
graphene can quvc:
= Phaén tich cau tric (Raman)

co yéu cau?

T

= Phan tich dién tich bé mét (BET)

Hinh 2. Quy trinh tach 16p va phan loai graphene bang siéu &m c6 si¥ dung SDBS
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Déi v&i nhanh khéo sat c6 SDBS, 50g huyén phu
sau nghién dwoc pha lodng v&i 50g nwéc, sau do bd
sung 1g SDBS va tiép tuc xt ly siéu &m trong 60 phut.
Viéc bd sung SDBS nham ting d6 6n dinh phan tan
cla cac tdm graphene sau boc tach, nhe twong tac
gitra phan ky nwéc cla phan t&r SDBS véi bé mat
graphitic va phan wa nwéc véi méi trwong nuéc.
Cach bb tri nay cho phép so sanh anh hwéng cua
chét hoat dong bé mat dén trang thai tach 16p, kha
néng phan tan va dic trwng bé mét ctia san pham.
Sau qua trinh x& ly, mau duwoc lam khé dé phuc vu
phan tich Raman va BET.

Dé danh gia anh hwéng cta qua trinh phan loai
sau tach I&p, huyén phu graphene dwoc ly thm & cac
méc théi gian 20, 40 va 60 phat. Phan huyén phu nbi
phia trén dwoc thu hdi, sy khé va can khéi lvong
rén con lai. V& nguyén tac, cac hat graphite day, cum
két tu hodc phan chwa tach 16p triét dé cé xu huéng
ldng xudng nhanh hon, trong khi cadc manh graphene
méng va phan tan 6n dinh hon cé kha ning tén tai
lau hon trong phan huyén phi néi. Do dé, thoi gian
ly tm dwoc s dung nhw mét théng sé phan loai
twong déi, phan anh sy danh déi gitva hiéu suét thu
héi vat liéu va mirc do lam giau phan graphene tach
I&p tét hon trong huyén phu.

2.2 Chuéan bj son phd hé nwéc va thie nghiém
phun mudi

Hé son phi dwoc thiét ké trén nén nhi twong
acrylic hé nwéc, déng vai trd pha nén tao mang va
lién két phu gia graphene trong I&p phu. Graphene
thu dwoc tlr quéa trinh nghién bi dwoc st dung nhw
phu gia dang tdm nhdm khao sat kha nang cai thién

tinh che chan ciia mang son. Truwdc khi bd sung cac
phu gia con lai, graphene dwoc phdi tron véi nhwa
acrylic bang siéu am trong 30 phut dé hé trg phan tan
trong pha nén, han ché két tu cuc bd va tdng mdc do
tiép xdc gitra cac tAm graphene véi hé polymer.

Sau buéc phan tan graphene trong nhya nén,
cac phu gia dwoc bd sung 1an lwot gdm PG, CS12,
NP9, PU, HEC30 va chét pha bot. Trong hé phéi liéu
nay, PG va CS12 hé tro qua trinh tao mang va 6n
dinh hé nhii twong; NP9 déng vai trd chat thAm wot,
gilp cai thién kha nang phan tan va twong hop gitra
céac thanh phan; PU va HEC30 dwoc st dung dé diéu
chinh d6 nhét, dd dac va trang thai lwu bién cla son;
chét pha bot dwoc thém vao nham han ché bot khi
phét sinh trong qua trinh khu4y trén va siéu am. Ba
cép phdi dwoc khao sat v&i tdng khéi lwong mau 1an
lwot la 100g, 150g va 200g, twong &ng voi ty 1& khbi
lwong graphene: nhya la 1:1, 1:2 va 1:3. Viéc thay
ddi ty 1& graphene: nhwa nham danh gia anh hwéng
twong dbi ctia ham lwong graphene dén trang thai
tao mang va kha nang bao vé bé mat kim loai.

M3u nén kim loai dwoc chuan bij tr cac tAm sat,
lam sach bé mét, lau khé va nhang phu bang tirng hé
son da phéi tron. Sau khi nhing, mau dwoc treo kho
trong diéu kién phong dé hinh thanh mang pha trudc
khi dwa vao th&r nghiém phun muédi. Thi nghiém
phun mudi dwoc st dung nhuw phép khado sét gia téc
nhdm danh gia so bd kha nang bao vé cda I&p pha
trong méi trwdng chva ion chloride. Sau khoang 72
gi& thtr nghiém, bé mat mau dwoc quan sat truc
quan dé nhan dién mic do xuét hién ri sét, vi tri &n
mon wu tién, sw dong déu ctia mang phd va cac dau
hiéu khuyét tat bé mét.

Bang 1. Thanh phén phu gia st¥ dung trong hé son phii graphene — acrylic

Phu gia

Ham lwong theo tdng khéi lwong graphene + nhwa (%)

PG - chét tro nhii hoa
CS12 - chét trg tao mang
PU - chat tao dac
HEC30 - chat tao dac
NP9 - chét thAm wét
Chét phéa bot to

Chét pha bot kim

1,0
15
15
15
0,5
0,3
0,2

Két qua phun mubi trong nghién clru nay
dwoc st dung nhw danh gia dinh hwéng ban dau
cho kha nang trng dung cla graphene trong son
pht hé nwéc. Do chwa kiém soat day du cac thdng
sb nhu chiéu day mang kho, dd6 bam dinh, d6 bén
va dap, d6 thdm nuwéc, dd rdng mang phad va tdn
that khéi lwong sau &n mon, két qua quan sat sau
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phun mudi chwa dwoc dung dé két luan dinh lwong
vé hiéu qua chéng &n mon. Tuy nhién, phép thi
nay van cé y nghia trong viéc so sanh tuwong dbi
gitra cac cap phdi, dac biét 1a anh huéng cla ty lé
graphene: nhya dén d6 ddng déu mang pha va xu
hwéng hinh thanh khuyét tat &n mon trén bé mat
kim loai.
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2.3 Phwong phap phén tich

Phd Raman dwoc dung dé nhan dién cac dai
d&c trwng cda vat lieu carbon. Cac ving phd duoc
nhan dién xap xi quanh 1350, 1580 va 2700 cm™; vij
tri dinh cu thé dwoc xac dinh tlr div liéu fitting cha
trng mau. Ty sé 1,D/IG dwoc si dung nhw chi béo
gian tiép vé sbé |&ép graphene, trong khi ty sé Io/le
phan anh mac d6 khuyét tat hodc mat dé mép tam.

Dién tich bé mat rieng dwoc xac dinh theo
phwong phap BET dwa trén hap phu N2 trén hai mau
dai dién: mau graphite sau nghién va mau sau xt ly
siéu am (khéng bd sung SDBS). Phép do nay cho
biét dién tich bé mét tiép can dwoc clia mau & trang
thai kho, nhung véi graphene c6 chat hoat dong bé
mat, két qua c6 thé bj anh hwdng bdi hién twong tai
xép chdng va phan chét hivu co con bam trén bé mat.

Trong nghién cteu nay, cac két qua thu dwoc tiy
phd Raman va dién tich bé mat riéng BET dwoc xac
dinh trén cac mau dai dién nham nhan dién xu huwéng
thay ddi cAu tric va trang thai bé mat cla vat liéu sau

50

tirng cong doan x ly. Do chwa thiét 1ap cac bo dir
liéu lap lai doc lap cho cac phép phan tich nay, cac
két qua thu dwoc khong dwoc siv dung dé thuc hién
céac suy luan thdng ké, tinh toan gia trj trung binh hay
do lech chuén. Céch tiép can nay gilp cung cép céi
nhin tdng quat vé hiéu qua cda quy trinh co hoc trong
pham vi khéo sat buéc dau, ddng théi dadm bao tinh
minh bach vé gi&¢i han cta bod di liéu thwe nghiém
hién co.
3. Két qua va thao luan
3.1 Hiéu suét thu héi sau ly tam

Ham Iwong ran thu hdi giam ré khi kéo dai thoi
gian ly tam. Sau 20 phat, lwong ran trong phan huyén
phu thu hdi dat khodng 27% so vé&i khéi lwgng ban
d4u; gia tri nay giam con khodng 21% sau 40 phut va
chi con khoang 6% sau 60 phut (Hinh 3). Xu hwéng
nay cho thay qua trinh ly tdm da loai bd dan céc hat
c6 kich thwéde 16n, khéi lwong riéng bidu kién cao
hoac cac cum graphite chwa dwoc tach I&p hoan
toan khai phan huyén phu néi.

P
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Ham lwgng rén thu dwoc (%)
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Hinh 3. Anh huéng cda thoi gian ly tam dén ham lwong rén thu hoi

Xu hwéng gidam ham lwong ran phan anh sy
danh ddi trye tiép gitra hiéu suét thu hdi va mie do
phan loai san pham. Thei gian ly tam ngan cho lwong
rén thu hdi cao hon, nhung phan san pham cé thé
con 1an nhiéu hat graphite day hodc cum két tu.
Nguoc lai, khi kéo dai thi gian ly tam, lvgng vat liéu
thu dwoc gidm manh, nhung phan huyén phu néi co
kha nang chwa ty I&é cao hon cac manh graphitic
méng, nhe va phan tan én dinh hon. Vi vay, diéu kién
ly tam can dwoc lwa chon theo muc tiéu st dung: wu
tién san lwong vat liéu thu hdi hodc wu tién mirc do
lam giau phan vat liéu da tach I&p tét hon.

Xu hwéng gidm hiéu suét thu héi khi ting mac do
phan loai phii hop v&i nguyén tac chung cua tach Iép
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pha 16ng: cac diéu kién ly tam nghiém ngat hon loai
dan phan graphite day va cum két tu, nhwng déng thoi
lam gidm lwong vat liéu con lai trong huy&n phi néi [3,
4]. Tuy nhién, khdng thuc hién ddi chiéu tryc tiép cac
gia tri phan tr&m gitra cac cong bé vi hiéu qua thu héi
con phu thuéc manh vao tdéc dd va ban kinh ly tam,
néng d6 ban dau, kich thwéc graphite, dung méi va
tiéu chi lya chon phan huyén phu.

3.2 Ddc trirng raman cda san pham tach |6p

Phé Raman cla ba mau sau cac giai doan x ly
dwoc trinh bay & Hinh 4a. Cac phd déu thé hién ba
vung tin hiéu dac trwng cua vat liéu carbon dang
graphitic, gdm dai D & khoang 1320-1330cm™, dai G
& khoang 1568-1581cm™ va dai 2D & khoang 2650-
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2663cm™. Dai G lién quan dén dao doéng trong mat
phang cta mang carbon lai hoa sp?, trong khi dai D
phan anh sy xuét hién cta khuyét tat, mép tdm hoac
viing mat trat tw trong cAu tric graphitic. Dai 2D la tin
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Hinh 4. Phan tich raman ctia cAc mau sau xi ly: (a) phé raman ctia mau graphite sau nghién, nghién két hop siéu am va
nghién ket hop siéu am c6 SDBS; (b) dao ham cap 1 tuong tng cia cac pho raman, nhan dién
s bién thién quanh céac dai D, G va 2D

DP6i véi mau graphite sau qua trinh nghién co
hoc, nén phé ghi nhan dd nhiéu cao cung sy xuat
hién cta dai D véi cwodng d6 manh. Két qua fitting
cho thay ty s6 Io/lc cao ~1,04, thé hién tac ddng manh
mé cua lwc co hoc trong viéc pha hdy c4u tric khéi,
kich thich sw hinh thanh mat d6 cao cac khuyét tat
tinh thé va bién hat. Bén canh d9, ty sb loo/lc chi dat
khoang 0.19 va dg réng ban dinh ctia dai 2D duy tri
& khoadng 86,5 cml. Piéu nay cho thdy mau sau
nghién van chid yéu mang dic trung cla
graphite/graphitic nhiéu I&p, mac du qué trinh nghién
da lam tdng mirc d pha vé& cAu tric khéi va tao thém
bé mat mai.

Sau khi bd sung buwéc x ly siéu am, ty sb lzo/lc
tang manh tir 0,19 lén 0,33, trong khi ty s6 Io/lc gidm
sau tlr 1,04 xudng con 0,35. Dong thdi, d6 rong ban
dinh cda dai 2D thu hep tir 86,5 cm1 xudng 81,1 cm-
1, Nhirng thay déi nay cho thdy nang lwong xam thyc
séng am da béc tach cac cum graphite thanh cac cau
trac graphitic it 16p, 1am tang ty phan vat liéu c6 dac
trwng graphene/graphite tach 16p trong san pham.
Ngoai ra, dang dao ham cép 1 cla phé raman (Hinh
4b) cho thay cac vung bién thién quanh dai D, G va
2D clGa mau sau siéu am tré nén rd va gon hon so
véi mau sau nghién, pht hop véi nhan dinh réng
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bwéc séng siéu am lam thay déi trang thai cu tric
graphitic ctia vat liéu.

Khi c6 sy hién dién cta chat hoat dong bé mat
SDBS, ty s6 lzo/l dat khoang 0,34, gan twong dwong
v&i mau chi xr ly sieu am. Bang cha y, gia tri d6 rong
ban dinh clGa dai 2D dbi véi mau nay dat 86,2 cm™,
md&c ndy gan véi mau sau nghién (86,5 cm™2) va lén
hon mau nghién két hop siéu am khéng SDBS (81,1
cm1). Két qua nay cho thiy viéc bé sung SDBS
khéng lam thay dbi dang ké mirc do boc tach hodc
s6 16p cau tric thu dugc. Tuy nhién, ty sé Io/lc ting
tlr 0,35 Ién 0,53, phan anh sy gia tang cac tam tan
xa kich hoat dai D. Sy thay déi nay c6 thé cha yéu
lién quan dén sy gia tdng mat dd bién do sy hién dién
va 6n dinh ca céc phién c6 kich thwéc nhd hon trong
huyén phu, thay vi nhét thiét phan anh sw suy gidm
chét lwong mang tinh thé. Vai trd cta SDBS vi vay
dugc xem la hd trg phan tan va han ché qué trinh tai
két tu cha céac phién da boc tach, qua d6 nang cao
hiéu qua duy tri trang thai phan tan hon la truc tiép
thic day co ché boc tach & quy md nguyén té.

Két hop phd raman gbc, dao ham cép 1 va két
qua peak fitting cho thdy bwéc nghién tao ra nhiéu
khuyét tat va mép tdm, trong khi siéu am lam thay ddi
rd hon trang thai xép I&p cha graphite. Tuy nhién, can
nh&n manh rang phd raman chi cho phép nhan dinh
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xu hwéng thay ddi trang thai xép 16'p cta vat lieu; div
liéu nay chwa du co s& dé xac dinh truc tiép sé 1&p
graphene cu thé. Nhin chung, do ty sé l,o/ls cla cac
mau sau xt ly van nhé hon 1 va dai 2D con kha réong,
san phdm nén dwoc mo ta than trong la graphene vai
I&p, graphite tach I&p hoac vat liéu graphitic dang
tAm, thay vi graphene don 16p.

V& xu huéng, sw gia ting mat do khuyét tat va
mép tAm sau nghién pht hop véi tbng quan vé anh

hwéng cta nang lwong nghién déi véi graphite [5].
S tang l,o/lc va thu hep twong d6i FWHM,p sau siéu
am cling nhat quan véi vai tro cta xam thwe am hoc
trong viéc thay ddi trang thai xép Iop cla vat liéu
graphitic [3, 4, 9]. Du vay, cac gia tri Ip/lg, l,p/lc va
FWHM,p khong dwoc xép hang truc tiép voi ting
cong bb riéng 18, vi chiing con phu thudc vao buéc
séng laser, quy trinh fitting, ngudn graphite, nang
lwgng x&r ly va mirc dd phan loai mau.

Bang 2. Théng sé peak fitting tcr phé raman ciia cac mau graphite/graphene sau xd ly

Mau D band, FWHM-D, G band, FWHM-G, 2D band, FWHM- Io/la bofla
cm™ cm™ cm™ cm™t cmt 2D, cm™

Graphite sau  1329,9 54,3 1581,2 20,4 2663,3 86,5 1,04 0,19
nghién
Nghién + 1320,6 46,4 1568,3 18,1 2649,1 81,1 0,35 0,33
siéu am
Nghién + 1325,0 51,2 1573,8 18,4 2660,4 86,2 0,53 0,34
siéu am +
SDBS

3.3 Dién tich bé mat BET va giéi han do trén méu
c6 chét hoat déng bé mat

Phép hap phu N, ghi nhan sy khac biét ro rét
gitra mAu graphite sau nghién va mau sau xt ly siéu
am. DBbi véi mau graphite sau nghién, dién tich bé
mat riéng xac dinh theo phwong phap BET multi-
point dat khodng 262,94 m2/g, v&i hé sb twong quan
cta dwdng BET rat cao (r = 0,999). Gia tri dién tich
bé& mat cao nay phan anh hiéu qua cta qué trinh
nghién co hoc trong viéc pha vé& céu tric khdi
graphite, [am gidm kich thuwéc hat, tao thém bé mat
mé&i va lam tang kha nang tiép can cla phan t& N2
trong phép do hap phu.

Ngwoc lai, m3u sau x& ly siéu am cho dién tich
BET chi khodng 19,77m2/g. Sy suy gidam manh dién
tich bé méat sau siéu am khéng nén dwoc dién giai
don gian la qué trinh siéu am khéng hiéu qua. Can
lwu y r&ng BET do dién tich bé& mét tiép can dwoc cla
mau & trang thai bét khd, trong khi raman phan anh
trang thai ciu trac graphitic cuc bd. Trong qua trinh
siéu am, cac lép graphite c6 thé dwoc tach méng hon
va phan tan tét hon trong huyén phu; tuy nhién, khi
mau duwoc siy khd dé do BET, cac tam
graphene/graphite tach 16p c6 xu huéng tai xép
chdng do twong tac van der Waals. Qua trinh tai xép
chéng nay c6 thé lam gidm manh dién tich b& m&t ma
N, c6 thé tiép can. Ngoai ra, néu mau sau siéu am
con chira chat phan tan, chat trg nghién hodc chat
hoat ddng bé mat, cac phan t& hivu co con lwu trén
bé& mat c6 thé che chan vi tri hap phu, 1am bit mét
phan khe h& gitra cac tAm va lam giadm gia tri BET do
duwoc. Do d6, két qua BET th4p clia mau sau siéu am
phan &nh déng thoi hai van dé: sy khoéng bao toan
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trang thai phan tan khi chuyén sang bot khd va anh
hwéng cta thanh phan hivu co/phu gia con ton dw
trén bé mat.

Khi dbi chiéu v&i raman, c6 thé thay hai phép do
cung cép hai loai théng tin khac nhau. Raman cho
thay qua trinh siéu am lam thay déi trang thai cAu tric
graphitic va lam tang twong ddi tin hiéu 2D so v&i
mau chi nghién, trong khi BET cho thay dién tich bé
mét tiép can dwoc sau say lai gidm manh. Vi vay, két
qué khéng mau thudn, ma cho thdy mét gidi han
guan trong cla quy trinh xt ly sau tach I&p: trang thai
graphene phan tan trong huyén phi chwa chac duoc
duy tri sau khi sy khé. D& danh gia chinh xac hon
hiéu qua tach I&p, can bd sung cac bwédc rira hoac
loai bd chat hoat dong bé mat, khao sat phwong phap
lam khd it gay tai xép chdng hon, chang han sy
thang hoa, va két hop thém AFM/TEM dé xéac dinh
trwc tiép s6 1&'p va hinh thai tm.

CAc nghién ctu tach 1¢p pha 16ng ciing cho thay
dién tich BET cua vat liéu graphitic c6 thé bién thién
réng theo phwong phap lam khé, diéu kién khar khi,
murc d6 tai két tu va lwong chéat phan tan con lwu lai
[3, 7, 8]. Vi vay, gia tri BET tuyét déi ctia nghién ctu
nay dwoc dung dé phan tich sw khac biét gitva hai
trang thai x& ly trong cung bd mau, thay vi két luan
cao hon hodc thap hon mét céng bd khac khi diéu
kién chuan bi va do khéng twong dwong.

3.4 Ung dung so’ bé trong son phii hé nwéc

Sau khodng 72 gi®&> phun mudi, ca ba hé son déu
xuat hién diu hiéu &n mon & mirc d6 khac nhau
(Hinh 5). Mau 1, véi ty |é graphene: nhya 1:1, bj an
mon manh nhéat, dac biét tai mép va khu vuc quanh
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16. Ty |& graphene cao c6 thé lam téng nguy co phan
tan khéng dong déu, tao khuyét tat hodc diém yéu
trong mang son. Mau 2, ty 18 1:2, cho mirc dd an mon
gidm, nhwng ri sét van tap trung & ranh gi¢i va viing
16 khoan.

M&u 3, ty 1& graphene: nhya 1:3, cho thdy xu
hwong bé mét pha ddng déu hon va it diu hiéu an
mon nhéat trong nhém khao sat. Xu huwéng quan sét
dwoc goi ¥ rdng ham lwong nhwa nén dd cao gitp
cai thién d6 lién tuc va do bam clta mang son, trong
khi graphene van tham gia tao hiéu &ng che chéan.
Do thei gian chiu phun mudi ctia cac mau con ngan
va chuwa kiém soat day du cac thdng sé ky thuat, cac
két qua thu dwoc hién tai méi cé gia tri dinh hwéng.
Dé két luan vé hiéu qua chéng &n mon, cac nghién
ctu tiép theo can bd sung phép do chiéu day mang,
dd bam dinh, do bén va dap, phé tré khang dién hoa
ho&c tdn that khéi lwong sau &n mon.

Xu hwéng nay cé thé dwoc ly gidi bang sw can
bang gitra hiéu rng can khuéch tan cta cac phién
graphitic va tinh lién tuc cGa pha nén acrylic. Khi
dwoc phan tan trong mang, cac phién cé ty lé hinh
hoc I&n lam tang d6 quanh co dwdng di cha nworc,
oxy va ion CI-, qua d6 lam cham s tiép can ctia moi
trwéng xam thwe dén nén kim loai. Ngworc lai, & ty 1é
graphitic: nhwa 1:1, lwgng nhya nén thap hon co thé
khong da dé& bao boc va lién két lién tuc cac phién,
lam tang nguy co két tu va hinh thanh vi khuyét tat;
cac ving nay c6 thé tré thanh dwong thAm wu tién.
Ty & 1:3 vi vay c6 kha nang tao trang thai can béng
tét hon gitra tinh lién tuc cGa mang va hiéu ng che
chan clia phu gia. Day van la dién giai co ché dua
trén xu huwéng quan sat, chwa phai bang chirng dinh
lwong do chiéu day mang va trang thai phan tan chuwa
dwoc do truc tiép.

Cac anh sau phun mudi dwoc ghi nhan dé so
sanh dinh tinh, khéng dworc thiét ké véi vang quan
tam, diéu kién chiéu sang, géc chup va hiéu chuén
mau thédng nhat cho phan tich anh. Vi vay, viéc phan
doan héi clru bang phdn mém dé tinh dién tich ri c6
thé phu thuéc manh vao nguwéng mau va céach loai
trir vang mép hodc 18, tao ra dd chinh xac biéu kién
khéng twong xtng véi di liéu. Nghién ctu khéng
thwe hién dinh lwong hdi clru tir bd anh hién c6 va
gitr két luan & muirc xu hwéng; quy trinh chup anh
chuén héa va tiéu chi danh gia dinh lwong can dwoc
thiét ké ngay t&» dau trong nghién ciru tiép theo.
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Hinh 5. Bé mat mu son phu sau khodng 72 gio' phun
muoi: (a) graphene: nhya = 1:1; (b) 1:2; (c) 1:3

3.5 Kha ndng mé réng va cédc diém can téi wu

Uu diém cda quy trinh co hoc trong dung dich 1a
st dung thiét bj twong déi phd bién, dung madi nwéc
va nguyén liéu graphite c6 chi phi thdp. Cac nghién
ctu vé shear exfoliation d& cho thay tach 16p co hoc
trong pha 1dng c6 thé mé rong khi tdi wu diéu kién
khudy tron, nang lwong cat va cong doan phan loai
san pham [6]. So v&i CVD hodc Hummers, hwéng
tiép can nay it yéu cau héa chat nguy hai hon va phu
hop hon v&i muc tiéu tao phu gia cho son phd, noi
khéng nhét thiét can graphene don I&p hoan hao. DU
vay, quy trinh van con mét sé giéi han. Thi nhét,
hiéu suét thu hdi sau ly tdm gidm manh khi tdng thoi
gian phan loai. Thir hai, sy lwu lai cia SDBS trén bé
mat c6 thé 1am giam dién tich BET va &nh hwéng dén
mét sbé tinh chat chirc nang. Thir ba, di liéu hién tai
chd yéu dwa trén Raman va BET, chwa c6 AFM/TEM
dé xac dinh trwc tiép sé 16p, chwa cé XPS hodc TGA
dé danh gia mic oxy héa va lwong chat hoat déng
bé mat tén dw. Cac phép do nay la can thiét néu quy
trinh dwoc phat trién & quy mé pilot hodc hwéng dén
chuan hoa chét lwong san phadm. Cudi cling, mét gidi
han quan trong cGa nghién cru hién tai a thiéu cac
b de lidu 13p lai doc 1ap d& thuc hién phan tich théng
ké. Céac két qua thu dwoc tlr phd Raman, dién tich bé
mat riéng BET va thé nghiém phun muéi déu la d
liéu dac trwng trén cac mau dai dién, phan anh xu
hwéng thay dbi cau trac va tinh chat vat liéu thay vi
cac gia tri trung binh c6 dd léch chuan. Do dé, cac
nhan dinh trong cdéng trinh nay chi mang tinh chat
khao sat buwéc dau va so sanh twong dbi, tranh céac
suy luan théng ké hoac khai quat dinh lwong. Viéc
thiét 1ap cac phép do I&p doc lap dé danh gia mirc do
chéc chan va tinh 6n dinh cta quy trinh 14 yéu cau
bat budc khi phat trién nghién ctu & quy mé pilot
ho&c hwéng dén chuan hda chét lwong san pham.
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4. Két luan

Nghién clru da khdo sat kha nang tach lép
graphite béng phwong phap co hoc trong dung dich
théng qua nghién bi wét, x& ly siéu am va st dung
SDBS dé hé trg phan tan. Két qua cho thay quy trinh
nay c6 thé tao ra vat liéu carbon graphitic dang tam,
phu hop dé khao sat tiép nhw phu gia cho hé son pha
nwéc. Qué trinh ly tam thé hién rd vai trd phan loai san
pham: khi tang thoi gian ly tam tir 20 [én 60 phat, ham
lwong rén thu hdi gidm tir khodng 27% xubng khoang
6%. Diéu nay cho thay sy danh déi gitra san lwong vat
liéu thu héi va kha nang lam giau phan huyén phu
chira cac manh graphitic méng, nhe va phan tan 6n
dinh hon. Phan tich raman xac nhan sw xuét hién cta
cac dai D, G va 2D dac trwng cla vat liéu carbon
graphitic. So véi mau graphite sau nghién, bwéc siéu
am lam téng ty sb lo/le tr khodng 0,19 lén khoang
0,33, déng thoi 1am gidm ty sb Io/le tr khodng 1,04
xubng khodng 0,35. Két qua nay cho thay siéu am 1a
bwéc c6 &nh hwéng ré dén trang thai xép 1op cla
graphite, hé tro' qua trinh tach 1&p sau nghién. Dbi véi
mau c6 SDBS, ty sb lzo/lc gan twong dwong mau siéu
am khong SDBS, trong khi Io/ls tang 1én khoang 0,53.
Sy thay dbi nay cho thdy SDBS c6 anh hwéng dén
trang thai bé& mat, mat d6 mép tdm va kha nang phan
tan cla vat liéu, nhwng chwa da co s& dé khang dinh
SDBS lam giam sb 16p vwot troi so véi mau siéu am
khong SDBS. Do lzo/lc van nhé hon 1 va dai 2D con
kha rong, san phdm nén dwoc md ta than trong la
graphene vai I&p, graphite tach I&p hoac vat liéu
graphitic dang tdm, thay vi graphene don 16p. Két qua
BET cho thdy m&u graphite sau nghién dat dién tich
bé mét riéng khodng 262,94 m2/g, trong khi mau sau
siéu am dat khodng 19,77 m2/g. Sy gidm manh dién
tich bé& mat tiép can dwoc sau siéu am khong phu
nhan két qua raman, ma phan anh gi¢i han cta quéa
trinh chuy&n mau tir trang thai huyén phi sang bot
kho. Cac tAm graphitic sau tach 16p c6 thé tai xép
chéng trong qua trinh sy, déng thdi phan chéat phan
tan, chét tro nghién ho&c chét hoat ddng bé mat con
t6n dw co thé che chén vi tri hdp phu N,. Vi vay, BET
can duwoc dién gidi cung véi raman va cac phan tich
hinh thai b sung trong cac nghién ctru tiép theo. Thir
nghiém &ng dung bwéc dau trong son pha acrylic hé
nwéc cho thdy xu hwéng clp phdi c6 ty 1é&
graphene/graphitic: nhya |a 1:3 tao b& mat mang phu
ddng d&u hon va it ddu hiéu &n mon hon sau 72 gidy
phun mudi so v&i cac ty 1& 1:1 va 1:2. Két qua nay goi
y réng ham lwong nhwa nén da cao gitp duy tri tinh
lién tuc cha mang pha, trong khi phu gia graphitic dang
tAm van c6 thé tham gia tao hiéu ng che chan. Tuy
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nhién, két qua phun muédi trong nghién ctru ndy mang
tinh chat dinh hwéng bwéc dau. Bé khang dinh hiéu
qua chdng &n mon, can tiép tuc kiém soéat chiéu day
mang, d6 bam dinh, trang thai phan tan cta phu gia,
ddng thoi bd sung cac phép tht dinh lwong nhw phd
tré khang dién hoa, d6 thAm nwéc va tdn that khéi
lweng sau an mon.

L& cam on: Nhom tac gia xin cdm on Trwdng Dai hoc
Bach khoa, PHQG-HCM d4 hé tro cho nghién ciru nay.
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