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In this research, we studied and fabricated the two-dimensional
nanomaterials WS by liquid phase exfoliation assisted by an ultrasonic
process. X-ray diffraction (XRD) investigated the material structural
properties. The 2H semiconductor phase of WS, was maintained after
the exfoliation process. The nanoparticle size was studied using
scanning electron microscopy (SEM). The lateral dimension size of
WS, plates was dramatically reduced from dozens of micrometers to a
few micrometers. The optical properties were studied by Raman
scattering spectroscopy. The results indicated that the bulk WS,
counterpart was successfully exfoliated to the 3 — 12 atomic layers’
sheets. The lubricant additives with 0.15 weight % of E-WS, were used
to drill the composite plate with significant performance improvement
compared to those without the nanomaterials mixing. This nanofluid
show outstanding potential to be a promising candidate for the lubricant
in the process of drilling different types of materials. In addition, WS,
nanosheets also play an essential role in preparing nanofluids.
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Trong nghién ctru nay, chung t6i nghién ciru va che tao vat liéu nano
hai chiu WS, bing phuong phép boc tach pha 16ng voi su hd tro cua
rung si€u am. Tinh chét ciu tric cua vat liéu duoc khao sat bang gian
dd nhidu xa tia X (XRD). Pha ban dan 2H cua vat liéu WS, duoc giit
nguyén sau qua trinh boc tach. Kich thuéc clia cac hat nano dugc
nghién ctru thong qua kinh hién vi dién tir quét (SEM). Kich thuéc cac
tam WS, giam dang ké tir hang chuc micromet con vai micromet. Tinh
chat quang dugc nghién ctu bang phd tan xa Raman. Céc két qua da chi
ra rang cac tim WS, dang khdi (B-WS,) di dugc tach ra thanh cac tam
mong (E-WS,) c6 o day khoang tir 3 — 12 16p nguyén tir. Dung dich hd
trg boi tron voi 0,15% khéi lugng cua E-WS, da duoc sir dung trong gia
cong khoan tim composite dd cho hiéu qua rd rét so Vi gia cong voi
dung dich hd trg boi tron khong c6 hat nano. Chét léng nano nay cho
thay tiém nang vuot troi dé tro thanh Gng cir vién day trién vong cho
chat boi tron trong qué trinh khoan cac loai vat liéu khac nhau. Vit ligu
nano WS, dong vai tro 1a mot chat phu gia quan trong trong ché tao
dung dich hd tro boi tron.

DOI: https://doi.org/10.34238/tnu-jst.8095

" Corresponding author. Email: vtnguyen@tnut.edu.vn

http://jst.tnu.edu.vn

326 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.8095

TNU Journal of Science and Technology 228(10): 326 - 331

1. Mé dau

Ngay nay, cong ngh¢ nano hay viéc ung dung vat liéu nano duoc xem la cudc cach mang cong
nghiép, thic day su phat trién trong nhiéu linh vuc dic biét 1a y sinh, san xuat ché tao, nang lugng,
moi trudong, cdng nghé thong tin, hay quan su... va 1a mot cong nghé chinh trong cudc cach mang
lan thir 4 [1]. Vat liéu nano thuong & dang hat c6 kich thudc trong khoang 1 dén 100 nm. Céc vat
liéu nano thudong duge phan loai dya trén kich thudc cua ching dé giam giit dién tir bao gom: vat
liéu nano ba chiéu (3D) 1a vat liéu ma ca ba chiéu kich thudc déu nho hon 100 nm c6 thé ké dén
nhu hau hét cac loai nano oxit kim loai hay kim loai véi nhiéu hinh dang khac nhau. Vat liéu nano
hai chiéu (2D) 1a vat liéu dang tAm mong c6 bé day nho hon 100 nm. Vit liéu nano mét chiéu (1D)
1a vat liéu dang 6ng hodc thanh c6 duong kinh c6 kich thuge nanomet. Trong nhimg nim gan day,
vat liégu nano 2D dang tim siéu mong, chang han nhu graphene va TMD (Transiton metal
dichalcogenide) dang thu hut dwoc rat nhiéu sy quan tim ciia cac nha khoa hoc trong va ngoai nudc
boi nhitng wu diém ma vat liéu khac khong cé duge nhu: kich thuéc bé mat I6n hon vat liéu 3D (co
thé 1én t6i vai micromet) trong khi van c6 do mém déo nhur vat liéu 1D. Hon nita, vat liéu 2D c6 16p
bé mit vat liéu khong chi chiu lyc rat tét ma con rat nhan nén ma sat trén 16p bé mat nho, ngoai ra
loai vat liéu nay con dé dang phan tan trong cac dung dich hitu co ma khéng bi ling Xuong [2] -
[5]. Mot vi du dlen hinh nhu vat liéu WS, 1a vat lidu dang 16p va khi kich thudc chiéu day cua
ching giam xuéng kich thudc ¢& mot vai 16p nguyén tir (nhé hon 10 nm) thi chiing thé hién tinh
chat vat 1y, dién tir rit khac biét. Chinh vi viy ma cac loai vat liéu nano 2D nay dang dwoc g
dung rong rai trong ca nghién ciru 1An san xuat trong rat nhiéu linh vuc tir dién dién tor, nang luong,
y sinh, moi trudng cho tdi gia cong co khi [6] — [8].

Hién nay, vat liéu nano dang duoc ung dung trong gia cong co khi vi nhidu cach tiép can
khac nhau. Trong d6, hai cach tiép can ndi 1én gan day nhat 1a sir dung dung dich bi tron lam
ngudi chua vat liéu nano (nanofluids). Dung dich bdi tron lam mat khi c¢6 cac hat nano phan tan
theo ty 1& nhat dinh s& 1am giam ma sat, ting d6 chiu nhiét cua cac dung dich nay qua d6 1am ting
hiéu suit cta cac qua trinh gia cong. Cac vt liéu nano duoc st dung trong dang nay rat phong
pht tir cac hat nano oxit kim loai vai cac kich thudce khac nhau téi cac hat nano carbide va chiing
cing duoc ung dung trong cac loai gia cong vat liéu siéu cu’ng Céc hat nano nay khi dugc sir
dung trong chat long nano thi chung c¢6 nhitng tinh chat thu vi nhu: cac hat nano c6 hiéu qua han
gan va danh bong cac bé mat gia cong, hiéu qua lan cac hat nano lam giam ma sat tiép xuc gitia
dung cu cit va bé mat gia cong ngoai ra con tao thanh cac 16p mang tribofilm bao vé dung cu cit.
Véi kich thudc rat nho (< 100 nm) cac hat nano c¢6 thé d& dang tham nhap vao cac ving bé mit
tiép xtic va chung c6 d6 bén nhiét tét hon cac phu gia béi tron hitu co nén d& dang str dung trong
nhiéu loai gia cong khac nhau [9]. Bén canh do, viéc boc phu cac thiét bi gia cong nhu dao cat, mii
khoan bang céac vat liéu nano da dwoc nghién ciru va phat trién. Két qua nghién ctru da chi ra rang,
khi boc phu mét 16p vat liéu nano cho cac dung cu cét ¢ thé chéng mai mon, ting do bén va tudi
tho cho cac dung cu nay. C6 thé ndi viéc lam chu thiét bi va cong nghé 15i san xuét loai vat liéu
nano chinh 14 chia khoa dé nang cao hiéu qua va chat lugng gia cong cat got co khi, dac biét 1a khi
gia cong 16 sau, cac vat liéu kho gia cong nhu SKD, SUS hay composites [10], [11]. Trong nghién
clru ndy, ching t6i da thanh cong tach vat liéu khbi B-WS, thanh vat liéu nano E-WS, bang phuong
phap boc tach pha 1ong c6 sur hd tro clia rung siéu 4m. Hon nita, vat liéu nano E-WS, da dugc thir
nghiém lam phu gia bdi tron cho khoan tim composite va cho hiéu qua rt tét.

2. Thuc nghiém
2.1. Hoéa chit
Bot WS, (Alfa Aesar, Cas-No 12138-09-9), Ethanol (C,HsOH, Merk, 99,9%).
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2.2. Phwong phdp ché tao

200 mg vat liéu WS, dugc phén tan trong 100 mL dung dich ethanol 50% duoc khudy tir ¢
nhiét 6 50 °C véi toc d6 300 vong/phit trong 15 phut dé phan tan déu. Sau d6 hdn hop dung
dich duoc dit vao bé rung siéu am cong suat 120W, tan s6 37 KHz trong thoi gian 12h. Hon hop
sau khi rung siéu 4m s& duoc loc bang hé loc bom chan khong trén gidy loc sau d6 tién hanh ria
it nhat 3 1an bang nudc cat hai lan va con tuyét doi. Vat liéu dang bot s& thu duoc sau khi u &
nhiét ¢6 70 °C trong 10 & ¢ diéu kién binh thuong va dugc ky hiéu 1a E-WS,.

2.3. Cdac phwong phdp khdo sdt dic trung

Cau trac vat ligu ché tao dugc s& duoc phan tich bang cach st dung phuong gian d6 nhiéu xa
tia X (XRD) do bang may nhidu xa D2 PHASER cuia Bruker. Dic diém bé mit, hinh thai hoc cua
vat liéu duoc xac dinh st dung phwong phép hién vi dién tir quét (JEOL JSM-6700 SEM). Tinh
chat quang cuia vat liéu s& duoc khao sat bang may Raman Horiba XploRa, Phap. Khoan gia cong
duogc tién hanh trén may CNC da ning v6i mili khoan duong kinh 3 mm, téc d6 quay 2000
vong/phut, tdc do trugt 1 mm/s, tAm nhya composite chira sgi carbon véi bé day 5 mm.

3. Két qua va thao luan
3.1. Cdu triic, hinh dang, kich thwéc cia vt liéu

Céu tric cua vat lisu E-WS, duoc khao sat thong qua gian dd nhidu xa tia X véi goc nhidu xa
26 tir 10 dén 65°. Hinh 1 biéu dién gian d6 nhidu xa tia X cua vat lieu WS, dang khoi, chua boc
tach (B-WS,) thé hién bang dudng mau den va vat lidu da boc tach pha 1ong dudi sy hd tro cua
rung siéu 4m (E-WS,) thé hién bang dudng mau do. Ca hai loai mau déu c6 cac dinh nhidu xa dic
trung caa WS, tai cac vi tri nhiéu xa 26 1a 14,6° 29,3°, 32,6°, 33,3°, 39,4°, 43,7°, 49,4°, 58,1° va
60,3° ddc trung cho cac mat nhiéu xa (002), (004), (100), (101), (103), (006), (105), (106), (008)
clia Cau trac pha ban dan 2H cua vat liéu hexagonal WS, [12]. Céc dinh nhleu Xa dac trung nay
hau hét duoc giir lai trong phd nhiu xa cua E-WS, diéu d6 ching té pha ciu truc cua vat liéu
WS, khong bi bién ddi sau qué trinh boc tach pha 16ng dudi su tro gitp cua rung siéu am. Hon
nira, d6 rong cua dinh dac trung cho mat nhiéu xa (002) tang 1én chung té cac 16p WS, di dugc
tach ra tir vat liéu khdi B-WS, [13].

—o— E-WS2
—o— B-WS2

Cuong do (dvty)

Goc 20

Hinh 1. Gidgn do nhiéu xq tia X cua vt ligu WS,
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Hinh 2(a) va 2(b) 1a hinh anh SEM cua vat liéu B-WS, va E-WS,. C¢ thé dé dang thiy dugc 1a
sau 12 gio rung siéu am thi cac tim WS, véi kich thuéc ¢& 10 pm nhu trong hinh 2(a) da duoc
tach ra thanh cac tAm c6 kich thudc bé mat tir vai trim nanomet téi vai pm cing véi do 1a bé day
cac tAm nay ciing giam rd rét nhu trong hinh 2(b). Pidu nay da ching minh 1a duéi tac dung cua
rung siéu am, cac bot khi ¢ nho da duoc tao ra va bam 1én trén cac khdi WS, qua do 1am x4o
tron 16p lién két yéu Van der Waals gitta cac 10p cua vat liéu WS,. Su x4o tron nay kém voi thoi
gian rung siéu am dai lam cho cac bot khi len 16i vao gitta cac 16p nay va qua do tach vat li¢u
khéi ra thanh céc tim nhé hon.

Hinh 2. Hinh thai bé mat cua (a) B-WS,; (b)E-WS,

Dé xac dinh bé day cua cac tim E-WS, ‘nay thi co kha nhiéu phuong phap nhu chup anh d6
phan giai cao bang kinh hién vi dién tir truyén qua, khao sat thong qua kinh hién vi lyc nguyén tir
hay pho tan xa Raman. Trong céc phuong phéap nay thi phuong phép st dung tan xa Raman bang
cach kich thich laser nguon c6 budc séng 532 nm duoc sir dung rong rii va rat dang tin cay.

Cuong do (dvty)

320 340 360 380 400 420 440
S6 song (cml)

Hinh 3. Phé Raman cua (a) B-WS,; (b)E-WS,

Hinh 3 1a phd tan xa Raman cua vat liéu B-WS, (mau den) va E- -WS, (mau d6). Co thé thay 16
hai dinh tdn xa & cac vi tri dac trung cho mode dao doéng mang tinh thé E* 2 va Ajq cua vat li¢u
WS,. Trong glan do6 cua ca mau khoi B-WS, va mAau nano E-WS; thi vi tri ctia dinh tan xa déu ¢
vi tri 349 cm™ Tuy nhién, su khac biét the hién 6 véi su dich dinh cta dinh Ay cua mau E- -WS,
dén vi tri 416 cm™ so vai 420 cm™ cua mau B-WS,. Diéu nay ching minh la d6 day cua cac tam
E-WS, da giam so voi do day cac tam B-WS,, diéu nay mot Ian nita x4c nhan lai két qua tir anh
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SEM. Doi chiéu voi céc két qua da duge cong b thi voi khodng cach gitta hai dinh tan xa nhu
trén cua mau E-WS; thi d¢ day cac tam vao tir khoang 3 cho den 10 16p nguyén tir ¢6 nghia la
tuong duong tir 3 cho dén 12 nm [14].

3.2. Thar nghiém ing dung vt liéu E-WS, trong khoan composite

Vit liéu E-WS, ché tao dugc di dugc thir nghiém ung dung lam chét phy gia hd trg boi tron
cho phuong phép khoan gia cong tim nhya tong hop c6 chira soi carbon. 0,15% khdi lugng cua
hat nano E-WS, duoc pha véi dau thuc vat dé 1am chét boi tron bang hinh thirc tudi tran. Hinh 4
thé hién hinh anh 15 khoan trén vat liéu composite voi cac diéu kién gia cong khac nhau. Véi diéu
kién gia cong kho thi c6 thé thiy duoc 15 khoan khéng duoc sic nét voi cac vi tri dit giy va khong
ddng déu trén bé mat 15 (hinh 4 (a)). Biéu kién st dung dung dich hd trg bbi tron la dau thyc vat thi
hinh anh 15 khoan sic nét rd rang hon nhu trong hinh 4(b). Diéu nay ching to rang chat boi tron c6
tac dung lam giam ma sat va ting hiéu suit cua qué trinh gia cong khoan tAm composite. Dac biét
hon nita, trong hinh 4 (c) 1a hinh anh cua 16 khoan khi gia cong véi dung dich hd trg boi tron co
chira vat liéu E-WS,, ¢6 thé thiy rang hinh anh cia 15 khoan rat sic nét 1o rét so véi hai diéu kién
khoan truéc d6. Piéu nay ching minh rang vat liu nano WS, da khong chi hd tro qua trinh boi
tron ma con bao Ve dung cu cét qua d6 nang cao hleu Suét gia cong

Hinh 4. Hinh anh 16 khoan: (a) gia cong khé, (b) gia cong véi dung dich béi tron la dau thyc vat,
(c) gia cong voi dung dich béi tron cé chira hat E-WS,

4. Két luan

D3 ché tao thanh cong vat liéu nano hai chiéu WS, bang phuong phap béc tach pha 1ong dudi
tac dung cua rung siéu am. Két qua cho thay vat liéu E-WS, ché tao duoc co d6 két tinh cao, do
ddng déu tot, pha cu triic hau nhu khong ddi sau qua trinh boc tach. Két qua Raman cho thiy
rang cac tim E-WS, ché tao dwoc c6 do day twong ung tir 3 cho dén 12 16p nguyén tur. Két qua st
dung hat nano ché tao duoc dé 1am dung dich béi tron hd trg khoan tim composite cho thay vat
ligu E-WS, da khong nhing nang cao hiéu qua qué trinh gia cong ma con nang cao tudi tho cia
miii khoan rat nhiéu lan. Diéu nay 14 co s& dé mé rong ung dung cho vat liéu E-WS, lam phy gia
hiéu qua cho céc qua trinh gia cong co khi.
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