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Linh vie k§ thuit dwoge dé cap

Sang ché dé cap dén phuong phap ché tao graphen dai nano (graphene
nanoribbon) tir than dng nano (CNTs — Carbon Nanotubes) va phuong phap ché tao hé
diu nhon dua trén phu gia 1a graphene nanoribbon nay.

Tinh trang ky thuit cia sing ché

Graphen dugc hai nha khoa hoc nguodi Anh 1a Andrei Geim va Konstantin
Sergeevich Novoselov kham phé nam 2007 va doat giai Nobel vao nim 2010. K& tir do,
vat liéu graphene thu hit sy quan tdm ciia rit nhiéu nha khoa hoc béi céc tinh chit vuot
trdi nhu dd bén co hoc, dd dan nhiét, 36 din dién va tinh chat quang. Graphene dugc

danh gia 12 phu gia Iy tuéng cho ddu nhon dong co.

Bang sang ché My s6 US8703090 B2 ciia James M. Tour sit dung phuong phap
oxi hoa béng chét KMnOjy trong axit H,SO,/H;PO, nhim tach mé& than 6ng nano thanh
graphene nanoribbon. Han ché ciia phuong phap nay la: Sau khi graphene nanoribbon
dugc tao thanh trong dung dich thi n6 phéi qua giai doan tinh ché gdm rit nhiéu cong
doan dé thu dugc san phim c6 do tinh khiét cao. Do d6, gia thanh rat cao va khé san

xuit & quy mé cong nghiép.

Bing sang ché My s6 US8900542 B2 cua Chia-Liang Sun va Ching-Tang Chang
st dung phuwong phdp vi séng (microwave) nhdm tich mé than 6ng nano thanh
graphene nanoribbon. Nhuoc diém cua phuong phép nay 1a kho kiém soét dugc nang
lugng va thoi gian vi séng dé tach mé than 6ng nano véi hiéu suit cao. Néu nang luong
vi s6ng 16n hodc thoi gian vi song dai, than dng nano s& bj pha hty. Trai lai, néu nang
luong vi séng thap hodc thoi gian vi séng ngin thi kho tach mé than 6ng nano thanh

graphene nanoribbon véi hiéu suat cao.

Cong bd don sang ché My sb US2015/0050193 Al cua Chia-Liang Sun va

Chun-Yi Chiu str dung phwong vi song lién tuc (continuous microwave) nhim tach mé
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than 6ng nano thanh graphene nanoribbon s6 lvong 16n. Tuy nhién, han ché ctia phwong
phap nay 1a kho kiém soat duoc ning lwong va thoi gian vi séng dé tach mo than dng

nano v61 hi€u suat cao.

Kosynkin va cac cong su da cong bd bai bao “Longitudinal unzipping of carbon
nanotubes to form graphene nanoribbons” trén tap chi Nature 458 (2009), 872-876 da
dua ra quy trinh tdch mé than éng nano thanh graphene nanoribbon bang phuong phap
phuong phép oxi hoéa st dung KMnOy trong axit H,SO4. Han ché cia phuong phap nay
1a sau khi graphene nanoribbon dugc tao thanh trong dung dich thi phai qua rat nhidu

giai doan tinh ché. Do vy, chi phi cao va thoi gian kéo dai.

Bing sang ché My s6 US8222190 B2 ctia Aruna Zhamu va Bor Z. Jang dé cap
t61 viée dua graphen tir ngudn graphit véi ti 18 khdi lugng tir 0,001% dén 60% vao diu
nhon nhim ting kha niang din nhiét, giam d6 mai mon, va 6n dinh do nhét. Phuong
phap ché tao graphen tlr ngudn graphit c6 han ché & chd: graphen tao thanh thuong co
do day > 50 nm, 100 nm va do d6, cong nang cia graphenegraphen s& gidm. Tur do, kha

nang chong mai mon khong thé dat hi€u qua cao.

Cong bd don sang ché My sb US2014/0038862 Al cua Tabassumul Haque,
Martin N. Webster va Andy Haishung Tsou d& xut cac tdm nano cacbon nhu graphen
vao trong dau nhon véi ty 18 khdi lwgng 0,1 dén 10%, két hop véi alkylthiophosphate
kim loai dé lam giam d6 mai mon. Han ché ciia phuong phép 14 phai sir dung thém
alkylthiophosphate kim loai khién cho chi phi cho san phdm ting lén va
alkylthiophosphate kim loai c6 thé bi phan hity nhiét trong qu4 trinh boi tron dong co.

Cong bd don sang ché My sd US 2015/0013896 Al clia Mei Zhang, Okenwa
0.1.Okoli va Hai Hoang Van d4 sir dung ngudn laser nhim tich m& than 6ng nano
thanh graphene nanoribbon. Pdng thdi, ning luong laser ndy ciing ¢6 cong ning két
hop graphene nanoribbon vGi nhau tao thanh mang luéi (network) graphene
nanoribbon. Han ché ctia phuong phép nay 13 hidu suit tich mé than dng nano thanh

graphene nanoribbon kha thip.

Cong bd don sang ché My sd US2017/0088788 Al cua nha khoa hoc Jiaxing
Huang, Qian Wang, Yip-Wah Chung va Xuan Dou dé xuft cac trai banh graphen

(crumped graphene balls) 1am phu gia diu nhon nham giam d6 mai mon. Han ché cia
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phuong phéap nay la céc trdi banh nay khong bam dinh 1én bé mit kim loai nhu graphen,

graphit, v.v.. Do d6, kha ning chéng mai mon khong dat hiéu qua nhu mong mubn.

Cong bb don sang ché Trung Qudc sé CN107033987 A cia Liu Yuyan; Sun
Xinghui; Zhou Zhongcheng va Han Bai da dwa ra phuong phép san xuét than éng nano
duoc tach mé mot phan va phuong phép san xuét chét boi tron gde nude chira dng nano
tach m& mot phan nay. Tuy nhién, phuong phap nay khong boc 16 chidu dai than dng
nano da vach duoc sir dung 1am nguyén liéu ban dau va khong boc 16 kich thude than
6ng nano ding dé tach mo trong diéu kién oxy hoa tao ra dai graphen nanoribbon thich
hop dung 1am phu gia cho chét bdi tron. Ngoai ra, chit boi tron gdc nude chira éng
nano carbon dugc md mot phan theo sang ché nay chi 1am giam hé sé ma sat khoang
hon 30% so v6i chit bdi tron gde nude chira éng nano va chat bdi tron gbc chira oxit

graphen nanoribbon.

Do vay, van cin c6 cac phuong phap méi dé ché tao graphene nanoribbon ding

lam phu gia cho dau nhon dé c¢6 thé giam hé sé ma sat mot cach hiéu qua hon.

Ban chét k§ thuit ciia sing ché

Muc dich ciia sang ché 1a dé xuét phuong phéap ché tao phu gia graphen dai nano
(graphene nanoribbon) dé bd sung vao diu nhon nham ting kha ning chdng mai mon,
giam hé sb ma sat, giam tiéu hao nhién liéu, ciing nhu phwong phap ché tao hé dau

nhon chita phu gia graphene nanoribbon nay.

Qua nhidu nghién ctru, tac gia sang ché dd phat hién ra ring graphene
nanoribbon duoc ché tao biang cach tich md tir than éng nano (CNTs — Carbon
Nanotubes) c6 d§ dai nam trong khoang tir 10pm dén 200pum s& cho hiéu qua giam ma
sat tot nhét va da tim ra phuong phap dé ché tao graphene nanoribbon tir than éng nano

c6 do dai nam trong khoang nay.

Do vay, sang ché dé xuat phuong phap ché tao graphene nanoribbon tir than ng
nano voi cac budgc sau:
| - chuén bi CNTs (Carbon Nanotubes) c6 do dai nim trong khoang tir 10 dén
200pm;
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- dua CNTs nay vao trong dung dich axit H,SO, néng dd 40 — 98%, tai nhiét do
phong;

- b6 sung KMnO, vé6i luong gép 3 — 10 1an khdi lugng CNTs vao hdn hop
CNTs + H,SO,, khudy hdn hop thu dugc trong thdi gian 30 — 60 phut;

- tang nhiét d6 hdn hop thu duogc 1én 90 — 120°C va tiép tuc khudy trong 30 —
60 phut;

- 1am lanh hdn hop thu duge & 1 — 8°C va bd sung 15 - 30 ml H,0Oy; tiép tuc
khudy 30 — 60 phut dé thu dugc graphen tach mé;

- 1am sach graphen tach mé tao thanh bang cach bd sung nudc, loc va ria dé

loai bo céc chat phan tng con du;

- rira phan rdn trén loc bang cdn, sau d6 siy kho phan rin & 60°C — 100°C trong

8h — 24h dé thu duoc san pham la graphene nanoribbon dang bot toi xdp.

Phuong phép theo sang ché khong sir dung H,SO, ddm dic nén c6 tinh an toan
cao, khong str dung NaOH dé trung hoa axit nén graphene nanoribbon duoc tao ra theo

sang ché c6 do tinh khiét rat cao (> 99%).

Tiép theo, sang ché d& xuit phuong phap ché tao hé ddu nhon dua trén phu gia

graphene nanoribbon, bao gdom cac budc sau:

- Ché tao graphene nanoribbon bang phuong phap ché tao graphene nanoribbon

tir than 6ng nano néu trén;

- Tron graphene nanoribbon thu duoc v6i ham luong tir 0,0001 dén 10% vao

dau nhon thuong mai;

- Phan tan graphene nanoribbon nay trong dau nhon thwong mai dé tao thanh

hdn hop phan tan dong nhét.

Hé diu nhon dua trén phu gia graphene nanoribbon theo sang ché c6 thé lam

giam hé s6 ma sat dén gin 50% so v6i hé dau nhon thuong mai khéng ¢6 phu gia.
M@ ta viin tit cac hinh vé
Hinh 1: Anh TEM ctia mau graphen:

la: Anh TEM ctia mau CNTs ban dau,
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1b: Anh TEM ctia miu graphene nanoribbon thu duoc trong vi du 1.
Hinh 2: Két qua phan tich mAu graphene nanoribbon thu dugc trong vi du 1:

2a: Gian d phén tich nhiét vi sai mu graphene nanoribbon;

2b: Phd tan xa nang lugng mau graphene nanoribbon

Hinh 3: Anh TEM ciia cic mAu graphene nanoribbon thu dugc trong céc vi du 2

-5,

Hinh 4: Két qua thir nghiém hé diu nhon dua trén phu gia graphene nanoribbon

tach mé tir than 6ng nano c6 cac do dai khéc nhau;

Hinh 5: Két qua thir nghiém hé dau nhon dya trén phu gia graphene nanoribbon
tach mo tir than 6ng nano c¢6 do dai 10pm & cac ndng d6 phu gia khac nhau;
MO ta chi tiét sang ché

Trong ban mo ta nay, thuat ngit “graphen” duoc ding dé chi cac tim phang c6

d6 day bang mot 16p nguyén tir cacbon va tao thanh dan tinh thé hinh t6 ong.

Thuét ngir “than 6ng nano” (Carbon Nanotube hay CNTs) dugc dung dé chi vat
thé bao gdm mét 16p graphene cudn lai c¢6 duwong kinh khoang 1 nm goi 14 than éng
nano don thanh (SWCNT Single Walled Carbon Nanotube) hodc do nhiéu 16p
graphene cudn lai ¢6 dudong kinh vai chuc nm goi 1a than éng nano da thanh

(MWCNTs Multi Walled Carbon Nanotubes) va chiéu dai c6 thé 1én t6i vai cm.

Thuat ngit “graphene nanoribbon” duoc ding dé chi manh graphene vé6i bé rong

nho hon 50 nm.

Nghién ctru ciia cic tac gia sang ché cho thiy graphene nanoribbon ché tao bing
cach tach mé CNTs v6i dd dai dudi 10pm thudong c6 xu hudng két dinh lai v6i nhau.
Khi phéan tan graphene nanoribbon ndy trong diu nhon bang thiét bi siéu 4m va/hodic
ddng hoa, ho thiy rang rat khé tach roi cac tim (sheet) graphene ra khéi nhau, thoi gian
phan tan dai va cac tim graphene nay c6 xu huéng két tu v6i nhau dan dén do 6n dinh
trong ddu nhon khong cao. Pdng thoi, graphen tich md & do kich thude nay c6 xu
huéng tao thanh cac cuc, cac 6¢ dao (islands) ma khong tao thanh mang méng (thin
film) trén bé mat kim loai ctia dong co din dén kha ning chdng mai mon kém, hé s6 ma

sat giam khong dang ké din dén hiéu qua tiét kiém nhién lidu khong cao. Khi str dung
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graphene nanoribbon ché tao bang cach taich mé CNTs c6 dd dai 16n hon 200um cho
dong co, ngudi ta nhin thdy bé mit kim loai ¢6 xu huéng tao thanh mang day (thick
film) hon 14 mang méng. Piéu nay ciing din dén kha ning chéng mai mon kém, hé sb

ma sat gidam khong nhi¢u. Do vay, hi€éu qua tiét kiém nhién liéu khong cao.

Do vy, sang ché tap trung vao viéc ché tao graphene nanoribbon bang cach tach
mé tir than éng nano ¢6 d6 dai nam trong khoang tir 10 dén 200pum. Theo phuong 4n wu
tién, sang ché dé xuét phuong phap ché tao graphene nanoribbon tir than 6ng nano c6
d6 dai 10 — 100pm. Theo phuong 4n wu tién hon khéc, sang ché d& xuat phuong phép

ché tao graphene nanoribbon tir than éng nano c6 do dai 10 — 20um.

O budc dau tién, khi dua CNTs vao trong dung dich axit H,SO, tai nhiét do
phong, dung dich axit ndy phan tmg v6i CNTs tao ra mdi trudong cho qua trinh oxy hoa
cta anken bang pemanganat MnO,~ trong budc tiép theo. axit H,SO, duoc st dung 1a
dung dich c¢6 ndng d6 40 — 98%. Theo phuong 4n wu tién, axit H,SO, dugc ding la
dung dich c6 néng dd 40% - 50%.

Trong budc tiép theo, khi bd sung KMnO, vao hdn hgp CNTs + H,SO, rdi khudy
déu thi manganat este dugc hinh thanh va c¢6 thé tao dione (phan tir gdm 2 nhom xeton)
trong moi trudng thiu nudc. Nhitng nhém xeton nay l1am bién dang p-y anken khién
cho chiing d& bi tac dong boi pemanganat. Khi qua trinh tiép tuc xay ra, strc ciang trén
cic B-y anken tang lam rong khong gian cho nhém carbonyl, tir d6 lam rong cic 16 hong
va khe nut trén 6ng CNTs. Nho vdy, qua trinh mé 6ng duoc bat diu. KMnO, dugc bd
sung v6i lwong bang 3 — 10 1an khdi lugng CNTs. Theo phuong 4n wu tién, KMnO,
duoc bd sung voi lwong bang 5 — 10 14n khéi lugng CNTs. Thoi gian khudy ndm trong

khoang tir 30 dén 60 phut, t6t hon 12 ndm trong khoang tir 45 dén 60 phut.

Tiép d6, khi tang nhiét d6 hdn hop thu duoc 1én trén 90°C va tiép tuc khudy, qua
trinh tach mé 6ng duogc gia ting. Nhiét d6 hdn hop c6 thé duoc tang 1én téi 90 — 120°C,
t6t hon 1a 100 — 120°C. Thoi gian khudy khudy nim trong khoang tir 30 dén 60 phit, tdt
hon 14 nim trong khoang tir 45 dén 60 phut.

O bude tiép theo, hdn hop thu duge duge 1am lanh xubng dudi 8°C va bd sung
H,0, trong khi khudy thi xay ra phan tmg khr. Tac 13, H,O, s& phan tng v6i mubi
KMnO, con du trong qua trinh tach mé than dng nano va két thiuc phan tng. Hén hop
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c6 thé dugc 1am lanh xudng khoang 1 — 8°C, tét hon 1a 1 — 5°C. Lwong H,0, dugc bd
sung nam trong khoang tir 15 dén 30 ml. Theo phwong 4n wu tién, lugng H,0, duoc b
sung 12 20 — 30 ml. Thoi gian khudy nim trong khoang tir 30 dén 60 phut, t6t hon 1a
nim trong khoang tir 45 dén 60 phut.

Cac budc phan rng néu trén da tao thanh graphen tdich m¢ tir than 6ng nano. Tuy
nhién, sin pham graphene nay van bj 1an tap véi cac chét phan trng con sot lai. Do vay,

san pham nay can phai duogc lam sach.

Pé lam sach, graphen tach mé dugc rira mot hodic nhiéu 14n biang nudc di duoc
khir ion dé loai bo cac chét phan tmg con du. Viée rira bang nuée nay duogce thuc hién
mot hodc nhiéu 1an, cho dén khi néng d6 chit rin hoa tan trong dung dich thép hon 5
ppm, nhu dugc xdc dinh bing phwong phap do tong chét ran hoa tan (TDS Total
dissolved solids) bang thiét bi TDS-02, Hoa Ky.

Tiép do6, san phdm graphene rin noi trén duge loc rira bang cdn, sau d6 duoc siy
kho dé thu duoc graphene nanoribbon dang bt toi xdp. Vi c¢on 1a dung mdi dé bay hoi
nén né duoc st dung & bude rira, sau khi san phim duoc rira va sy sé tao ra graphene
nanoribbon rat toi x6p (bot graphene nanoribbon khong dinh cuc v6i nhau). Nhiét do
sdy nam trong khoang tir 60°C dén 100°C. Theo phuong 4n wu tién, nhiét do siy nim
trong khoang tir 80°C dén 100°C. Thoi gian siy nim trong khoang tir 8h dén 24h, tdt
hon 14 ndm trong khoang tir 16 dén 24h.

San phdm thu duoc sau khi sdy c6 thé dugce dung lam phy gia dau nhon.

Dé ché tao hé diu nhon dwa trén phu gia graphene, san phidm graphene
nanoribbon thu duogc sau khi sdy dugc bd sung va phan tan vao trong diu nhon thuong
mai dé tao thanh hén hop phan tan déng nhét. Viée phan tan co thé dugc thue hién béng
phuong tién thich hop bét ky. Theo phuong 4n uu tién, viéc phan tan nay dugc thuc
hién bang cach danh siéu 4m rdi ddong hoa. Viée danh siéu am c6 thé dugc thuc hién
trong thiét bi bé siéu 4m Elma model S300H (Dtc) voi thoi gian siéu 4m tir 1h dén 5h.
Viéc dong hoa dung dich dau nhon cé chira graphene nanoribbon ¢ thé dugc thuc hién
bang thiét bi déng hoa Microfluidics model M-110L (M§) & ap sut nim trong khoang
tir 600 dén 1200 bar, s6 chu ky déng héa nam trong khoang tir 1 dén 20 chu ky va thoi
gian ddng hoa tir 3 phit dén 60 phit.
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Khi cho phu gia vao trong dau nhon, cac coéng trinh nghién ciru khic thudng
phan tan phu gia vao diu nhon bang thiét bi dong hoa siéu 4m. Tuy nhién, san pham

dugc tao ra theo cach nay chua dat dugce su phén tan t6t cuia phu gia.

Theo sang ché, trudc tién graphene nanoribbon dugc phan tén trong dau nhon
bang thiét bi siéu 4m. Sau d6, hdn hop dau nhon va graphene nanoribbon duge dong
héa trong thiét bi Microfluidics. Trong thiét bi Microfluidics, hdn hop diu nhon va
graphene nanoribbon dugc bom vé1 ap suét rat cao (200-1200 bar) va di qua cac kénh
¢6 kich thuée rat nho (50 — 500 micron). Diéu nay khién hdn hop chiu tng suét cit

truot rat 16n, gitp graphene nanoribbon dugc phén tan trong dau nhon tt hon.
Vi du thyce hién sang ché
Nguyén li€u dugc dung trong céc vi du dudi day 1a CNTs 3 — § thanh, ¢6 do dai

xdc dinh va ddng nhit véi tén goi 12 Ntube do cong ty Ntherma Corporation, Hoa Ky

(www.Ntherma.com) cung cap.

Vi du 1: Ché tao graphene nanoribbon tich mé tir than éng nano 10um

Budc 1: Chudn bi CNTs ¢ d6 dai 10pum;

Buéce 2: Pua 5g CNTs nay vao 1369g dung dich axit H,SO,4 40% tai nhiét do
phong, thu dugc hdn hop 1;

Budc 3: Cho KMnO, véi luong bang 25g vao hdn hop 1, khudy dung dich véi
thoi gian 60 phut, thu dugce hdn hop 2;

Budc 4: Tang nhiét d6 hdn hop 2 1én 120°C va tiép tuc khudy trong 60 phut;

Budce 5: Lam lanh hén hop 2 xubng 5°C va bd sung 20 ml H,0,, tiép tuc khudy
trong 60 phut dé thu dugc graphen tach ma;

Budc 6: Loai bo cac chit phan tmg con du bing cach bd sung 21 nude vao hdn
hop dé giam ndng d6 axit xuéng dudi 20%; loc dung dich, thu phan ran trén loc; rira
phén rén trén loc véi 21 nudc; loc dung dich, thu ph?m rén trén loc; tiép tuc ria phén rin
trén loc véi 21 nudce; va loc dung dich, thu phﬁn rén trén loc v&i muc dich lam sach

graphen tdch mé& da duoc tao ra.
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Buéce 7: Rira phan ran trén loc véi 21 con nong do 90%, phan ran sau d6 duoc

sdy kho & 80°C trong 12h. San pham thu dugc 1a graphene nanoribbon dang bét toi xdp.
Phan tich mAu:

San pham graphene nanoribbon thu dugc duoc khao sat bang kinh hién vi dién
ttr truyén qua TEM (Transmission Electron Microscopy). Thiét bi khao sat TEM dugc
dung 12 JEOL JEM-1400 (Nhat Ban). Mau graphene nanoribbon dugc phan tan trong
dung méi axeton rdi sau d6 nhé 1én ludi déng (Copper mesh) d4 pht mang cacbon, sau

d6 dua mau vao budng chup va tién hanh chup.

Anh TEM cia nguyén li€u ban dau duoc thé hién & hinh 1a. Anh TEM thu duoc
tir graphene nanoribbon theo vi du 1 dugc thé hién & hinh 1b. C6 thé thiy trén hinh nay,
cac than dng nano da m& khong con 1a cac 6ng ddng truc. Graphene nanoribbon dugc

tao thanh ton tai dudi dang cAc mang mong.

Tiép theo, san pham graphene nanoribbon thu dugc duoc phén tich bing phuong
phép nhiét vi sai TGA (Thermal Gravimetric Analysis) nhdm d4nh gi4 d6 bén nhiét cia
graphene nanoribbon ciing nhu xac dinh d tinh khiét (purity) cia mau graphene
nanoribbon duogc ché tao, st dung thiét bi LABSYS Evo TGA-DSC 1600°C. Mau
graphene nanoribbon dugc can, rdi dugc cho vao thuyén dét. Mau dugce nung néng 1én

trong didu kién khong khi tir nhiét d6 phong 1én 800°C véi téc dd gia nhiét 10°C/phut.

Gian d6 TGA thu dugc duge thé hién & hinh 2a. Tir d6 thi trén gian dd nay, co
thé thiy rang tai nhiét d6 dudi 400°C c6 hién tugng bdc hoi 4m hip phu hodc bam dinh
trén bé mat graphene, hodc 1a cdc cacbon v6 dinh hinh va than do kha néng chiu nhiét
kém nén bi phan huy. Graphene nanoribbon san phidm c6 dd bén nhiét & nhiét do 1én
t6i 630°C. Sau nhiét do bén nhiét nay thi miu sé& bi oxy hoa manh va dan dén viéc mau

bi phin huy hoan toan tai nhiét d6 750°C, cho théy do sach dat xép xi 100%.

San phdm graphene nanoribbon thu duge ciing dwoc phéan tich bing phuong
phap phd tan xa nang lugng EDX (Energy-Dispersive X-ray Spectroscopy) véi thiét bi
HORIBA 7593-H nham phén tich thanh phan nguyén t6 ciia mau graphene nanoribbon
va danh gia su c6 mit ctia tap chit ngoai cacbon. Mau graphene nanoribbon dugc dinh
1én bang dinh cacbon din dién va dua vao budng mau. Chum tia dién tir (so cip) tir cot

sung dugc gia toc va ban vao bé mit mau graphene nanoribbon va phat ra dién tir tha
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cip (cia mAu graphene nanoribbon), tao ra chim tia X. Tin hi¢u chum tia X nay dugc
thu boi dau thu (detector) va duoc chuyén doi thanh tén cac nguyén t6. Phé EDX ciia
mau graphene nanoribbon thu dwoc dugc thé hién ¢ hinh 2b. Phd EDX thu dugc cho
thiy miu graphene nanoribbon chi chira nguyén t cacbon va khong nhiém tap chét nao
khac, ciing c¢b cho két qua thu duge trén gian dd phén tich nhiét vi sai & trén.

Vi du 2: Ché tao graphene nanoribbon tdch m& tir than 6ng nano 20pm

Buée 1: Chudn bi CNTs c6 do dai 20um;

Buéde 2: Bua 5g CNTs nay vao 4043g dung dich axit H,SO4 80% tai nhi€t do
phong, thu dugc hdn hop 1;

Budce 3: Cho KMnO, véi luong bang 35 vao hdn hop 1, khudy dung dich véi
thoi gian 45 phut, thu duoc hdn hop 2;

Budc 4: Tang nhiét do hdn hop 2 1én 100°C va tiép tuc khqu trong 30 phut;

Buéc 5: Lam lanh hon hop 2 xuéng 5°C va bb sung 30ml H,O, vao, tiép tuc
khudy trong 45 phut;

Budce 6: Lam sach graphen tdich méd tao thanh khoi céc chét phan g con du
béng cach: bd sung 21 nudc vao hdn hop dé giam néng do axit xuéng
duédi 20%; loc dung dich, thu phén ran trén loc; ria phén ran trén loc
v6i 21 nudce; loc dung dich, thu ph?m ran trén loc; tiép tuc rira phﬁn rin
trén loc véi 21 nudc; va loc dung dich, thu ph?m ran trén loc:

Budc 7: Rira phén ran trén loc véi 21 con néng dd 90%; sau do séy kho phén rin
& 80°C trong 12h, san phém thu dugc 1a graphene nanoribbon dang bt
toi Xép.

Phan tich mau:

San phém graphene nanoribbon thu dugc dugc khao sat béng kinh hién vi dién
tir truyén qua TEM. Anh TEM thu dugc dugc thé hién & hinh 3a. C6 thé thiy trén hinh
nay, cac than éng nano dd m& khong con 1a cac 6ng déng truc, graphene nanoribbon

duoc tao thanh dudi dang cac mang mong.
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Gian d6 phan tich nhiét vi sai cia mau graphene nanoribbon tich mé tir than 6ng
nano 20um c6 dang tuong tu gidn dd & hinh 2a, v6i do bén nhiét & nhiét do 1én
t61 630°C, d6 sach dat xap xi 100%.

Phd tan xa niang luong EDX ciia mau graphene nanoribbon tich mé tir than 6ng
nano 20pm c6 dang twong tu phd trén hinh 2b, cho thdy miu graphene nanoribbon chi
c¢6 nguyén t6 cacbon va khong nhiém cic nguyén t6 nao khac, cing ¢ cho két qua thu
duoc trén gian db phan tich nhiét vi sai.

Vi dy 3: Ché tao graphene nanoribbon tach mé tir than dng nano 50pum

Budce 1: Chudn bi CNTs ¢6 do dai 50pm;

Budc 2: Cho 5g CNTs v6i do dai SOum nay vao trong 4900g dung dich axit
H,SO, 98% tai nhiét d phong, thu dugc hdn hop 1;

Budc 3: Cho KMnO, vdi lugng bang 40g vao hdn hop 1, khudy dung dich trong
thoi gian 30 phut, thu duoc hdn hop 2;

Budc 4: Tang nhiét d6 hdn hop 2 1én 90°C va tiép tuc khudy trong 30 phit;

Budc 5: Lam lanh hon hop 2 xuéng 5°C va bo sung 20 ml H,O, vao, tiép tuc
khudy trong 30 phit;

Budc 6: Lam sach graphen tach mé tao thanh khoi cac chét phan Gng con du
bang cach: B sung 21 nude vao hdn hop dé giam ndng do axit xudng
dudi 20%; loc dung dich, thu phﬁn rén trén loc; rira phén rén trén loc
v6i 21 nudce; loc dung dich, thu phén ran trén loc; tiép tuc rura phﬁn rin

trén loc véi 21 nude; loc dung dich va thu phén rén trén loc;
Budc 7: Rira phan rén trén loc véi 21 con ndng d6 90%; sy kho phan ran ¢ 80°C
trong 12h, thu duge san pham 13 graphene nanoribbon dang bot toi x5p.
Phan tich mau:

San phim graphene nanoribbon tach mé thu duoc duoc khao sat bang kinh hién
vi dién tir truyén qua TEM. Anh TEM thu duoc duoc thé hién & hinh 3b. C6 thé thiy
trén hinh nay, céc than 6ng nano da md& khong con 1a cac dng ddng truc, graphene

nanoribbon tao thanh dudgi dang cdc mang méng.
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Gian dd phén tich nhiét vi sai cia mau graphene nanoribbon tach mé tir than dng
nano S0um c6 dang tuong ty gidn dd & hinh 2a, voi do bén nhiét & nhiét do lén
t61 630°C, d6 sach dat xap xi 100%.

Phd tan xa nang lugng EDX ctia miu graphene nanoribbon tach mé tir than dng
nano 50pm c6 dang tuong tu phd trén hinh 2b. Piéu d6 cho thdy ring mau graphene
nanoribbon chi c¢6 nguyén té cacbon va khong nhiém nguyén té nao khéc, cing cb cho
két qua thu duogc trén gian do phén tich nhiét vi sai.

Vi du 4: Ché tao graphene nanoribbon tach mé tir than éng nano 100pum

Budce 1: Chuén bi CNTs c6 do dai 100pum;

Buée 2: Cho 5g CNTs véi d§ dai 100pm nay vao trong 1369g dung dich axit
H,S0, 40% tai nhiét 6 phong, thu dugc hon hop 1;

Budc 3: Cho KMnO, véi lugng bang 45g vao hdn hop 1, khudy dung dich véi
thoi gian 45 phut, thu dugce hon hop 2;

Budc 4: Tang nhiét do hdn hop 2 1én 110°C va tiép tuc khudy trong 45 phiit;

Bude 5: Lam lanh hdn hop 2 xubng 5°C va bd sung 15ml H,0, vao, tiép tuc
khudy trong 30 phut;

Budc 6: Lam sach graphen tach md tao thanh khéi cac chét phan tng con du
bang cach: bd sung 21 nude vao hdn hop dé giam ndng do axit xudng
dudi 20%; loc dung dich, thu phén rn trén loc; rira phén rén trén loc
v6i 21 nudce; loc dung dich, thu ph?m rén trén loc; tiép tuc rira phén ran

trén loc véi 2 nude; loc dung dich va thu phén rén trén loc:
Budc 7: Rira phan ran trén loc v6i 21 con ndng dd 90%; sy kho phan rin & 80°C
trong 12h, san pham thu dugc 14 graphene nanoribbon dang bot toi xdp.

Phan tich mau:

San phdm graphene nanoribbon tiach mé thu dugce duge khao sat bang kinh hién
vi dién tir truyén qua TEM. Anh TEM thu duoc duge thé hién & hinh 3c. C6 thé thiy
trén hinh nay, cac than 6ng nano d mo khong con 14 cac dng dong truc ma da tao thanh

graphene nanoribbon dudi dang cdc mang mong.
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Gian d0 phén tich nhiét vi sai ciia mau graphene nanoribbon tach md tir than éng
nano 100pm c6 dang tuong tu gian dd & hinh 2a, véi dd bén nhiét & nhiét do 1én
t61 630°C, do sach dat xap xi 100%.

Phé tan xa ning lugng EDX clia mau graphene nanoribbon tich mé tir than éng
nano 100pm c6 dang twong tu phd trén hinh 2b, cho thdy mau graphene nanoribbon chi
c¢6 nguyén td cacbon va khong nhidm cac nguyén td nao khac, cing cb cho két qua thu
dugce trén gian d6 phan tich nhiét vi sai.

Vi du 5: Ché tao graphene nanoribbon tich mé tir than 6ng nano 200pm

Budc 1: Chudn bi CNTs ¢6 d6 dai 200pum;

Budce 2: Cho 5g CNTs vdi do dai 200pum vao trong 2.830g dung dich axit
H,S0, 60% tai nhiét dd phong, thu duge hdn hop 1;

Buéc 3: Cho KMnO, véi lwong bang 50g vao hdn hop 1, khudy dung dich véi
thoi gian 45 phut, thu duge hon hop 2;

Budc 4: Tang nhiét dd hdn hop 2 1én 110°C va tiép tuc khudy trong 30 phut;

Buéc 5: Lam lanh hdn hop 2 xudng 5°C va bd sung 30ml H,0, vao, tiép tuc
khudy trong 30 phut;

Budc 6: Loai bo cac chit phan tng con du ra khoi graphen tich m& bang cach:
bd sung 21 nudc vao hdn hop dé giam ndng do axit xudng dudi 20%;
loc dung dich, thu phﬁn rén trén loc; ria phén ran trén loc véi 21 nuée;
loc dung dich, thu phén rén trén loc: tiép tuc rra ph?ln rin trén loc vai 21

nudc; loc dung dich, thu phén ran trén loc;
Budc 7: Rira phan rén trén loc véi 21 cdn ndng do 90%; sdy kho phan rin & 80°C
trong 12h, san phdm thu dugc 1a graphene nanoribbon dang bot toi xdp.

Phén tich mAu:

San phdm graphene nanoribbon thu duoc duoc khao sat bang kinh hién vi dién
tir truyén qua TEM. Anh TEM thu duoc duoc thé hién & hinh 3d. C6 thé thiy trén hinh
nay, cac than 6ng nano da mé khong con 1 cac 6ng ddng truc ma da tao thanh graphene

nanoribbon dudi dang cdc mang mong.
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Gian dd phén tich nhiét vi sai cia mau graphene nanoribbon tach mé tir than éng
nano 200pm c6 dang twong tu gian dd & hinh 2a, véi do bén nhiét & nhiét do Ién

t61 630°C, do sach dat xap xi 100%.

Phd tan xa nang lugng EDX ciia miu graphene nanoribbon tich mé tir than 6ng
nano 200pm c6 dang tuong tu phd trén hinh 2b, cho thdy mau graphene nanoribbon chi
c6 nguyén tb cacbon va khong bi 13n cac nguyén t6 khac, ctiing ¢b cho két qua thu dugc
trén gian d6 phan tich nhiét vi sai. |
Vi du 6: Ché tao hé diu nhon dua trén phu gia graphene nanoribbon tich mé tir than

6ng nano

Hé dau nhon dua trén phu gia graphene nanoribbon dugc ché tao bang cach phan
tan graphene nanoribbon tich mé tir than éng nano vao dau nhon thuong mai bang cach
danh siéu 4m va ddng hoa.

Trong vi du nay, diu nhon thwong mai dugc st dung 14 ddu nhon Motul Gamma

100 v&i cip d6 nhdt SAE 20W50.

Phu gia graphene nanoribbon dugc st dung la graphene nanoribbon tich mé tr
than 6ng nano c6 do dai 10 - 200pum thu dugce tir cac vi du tir 1 dén vi du 5 néu trén. Dé
so sanh, mdt mau graphene nanoribbon tdch md tir than 6ng nano c6 dd dai < 10um
cling duge sir dung, cu thé 13 ¢6 d6 dai Sum, va mdt mau graphene nanoribbon tich mé

tir than ng nano c6 @6 dai > 200um, cu thé 1a c6 do dai 300pum.

Ti 1 graphene nanoribbon: ddu nhon = 25 mg: 1 lit, tirc 1a ndng do phu gia trong

dau nhon 13 25 ppm.

Phu gia graphene nanoribbon duoc bd sung vao diu nhon va duoc phan tan
trong dau nhon dé tao thanh hdn hop phén tan dong nhét. Trude tién, hdn hop nay dugc
danh siéu 4m bang thiét bi bé siéu 4&m Elma model S 300H (Pric) trong thoi gian tir 1h
dén 5h. Hon hop thu duge duge dong héa bang thiét bi ddng hoa Microfluidics model
M-110L (M¥) & 4p sudt nim trong khoang tir 600 dén 1200 bar, sé chu ky dong hoéa tir
1 dén 20 chu ky va thoi gian ddng hoa tir 3 phut dén 60 phut, dé thu duoc san pham la
dau nhét chira phu gia graphene nanoribbon phan tan déng nhét.
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C4c miu san phim thu duge dugc kiém tra nham danh gia hé s6 ma sat va duong
kinh vét xu6c bang phuong phap thir nghiém 4 trai banh (4-ball testing). Diéu kién
kiém tra 12 1200 RPM@ 75°C & 40 KG/F. Két qua thu dugc dugc thé hién & hinh 4.

C6 thé thay tir biéu dd ¢ hinh 4, cac mau graphene nanoribbon tach mé tir than
6ng nano ¢6 d6 dai nam trong khoang tir 10 d&én 200pum c6 tac dung lam giam duong
kinh vét xu6c va hé sb ma sat. Déng thoi, tdc dung 1am gidm hé sb ma sat ciia mau tach
m& tir than 6ng nano ngén tét hon so v6i mau tach mé tir than dng nano c¢6 do dai 16n
hon. Tuy nhién, mAu graphene nanoribbon tich mé tir than dng nano ¢6 d dai <10pum
lai khong con tac dung giam duong kinh vét xude va giam hé s6 ma sat. P6i voi mau
graphene nanoribbon tach mé tir than éng nano c6 do dai > 200um, tic dung nay khong
thay doi.

Vi du 7: Ché tao hé diu nhon dya trén phu gia graphene nanoribbon tach mé tir than
6ng nano c¢6 d6 dai 10um & cac ndng do phu gia khac nhau.

Hé dau nhon dua trén phu gia graphene nanoribbon dugc ché tao bing cach phin
tan graphene nanoribbon tich mé tir than 6ng nano do dai 10um & cac ndng do khac
nhau vao diu nhon thuong mai bang cach danh siéu 4m va ddng héa.

Trong vi du nay, dau nhon thuong mai dugc st dung la dau nhomn Motul Gamma

100 v6i cap d6 nhdt SAE 20W50.

Phu gia graphene nanoribbon dugc st dung la graphene nanoribbon tach mé tur

than éng nano c6 4o dai 10um thu dugc tir Vi du 1 néu trén.

Ti 1& graphene nanoribbon: dau nhon 1an luot 13:

e 8 mg: 1 lit (800g), tirc 14 ndng d6 phu gia trong diu nhon 1a 8 ppm (ham
lugng 0,0001%);

e 25 mg: 1 lit (800g), tirc 1a ndng dd phu gia trong dau nhon 1a 25 ppm (ham
lugng 0,003%)

e 88 g: 1 lit (800g), tirc 1a ndng d6 phu gia trong ddu nhon 14 88.000 ppm (ham
luong phu gia trong diu nhon 1a 10%).

Phu gia graphene nanoribbon dugc cho vao trong ddu nhon va danh siéu 4m

bang thiét bi bé siéu am Elma model S 300H (Dirc) v6i thoi gian siéu 4m tir 1h dén 5h.
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Hbn hop thu duge duge dong hoa bang thiét b dong hoa Microfluidics model M-110L
(M$) & ap sudt nam trong khoang tir 600 dén 1200 bar, s6 chu ky ddng hoa tir 1 dén 20
chu ky va thoi gian dong hoa tir 3 phut dén 60 phiit. San pham nhét thu duge c6 phu gia

graphene nanoribbon phan tdn dong nhat.

Céc mAu san phim thu duoc duge kiém tra dé danh gia hé sb ma sat va duong
kinh vét xu6c bing phuong phap thir nghiém 4 trdi banh (4-ball testing). Piéu kién
kiém tra 12 1200 RPM@ 75°C & 40 KG/F va két qua thu dugc dugc thé hién & hinh 5.

Két quéa thir nghiém trén hinh 5 cho thdy, ca ba mau dau nhon chira phu gia
graphene nanoribbon v6i cac ndng d6 khac nhau déu co tac dung giam gan 50% hé sb
ma sat (Coefficient of Friction) so v6i mu ddu nhon thuong mai. Pong thoi, duong
kinh vét xudc (Scar Diameter) ciia c¢a 3 mau chira phu gia graphene nanoribbon déu nho
hon so v6i mau dau nhon thuong mai vi phu gia graphene nanoribbon cé chirc ning bao

phi va bao vé bé mit trai banh.
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YEU CAUBAO HQ

1. Phuong phap ché tao graphen dai nano (graphene nanoribbon) tir than éng nano

(CNTs - Carbon Nanotubes) bao gdm cac budc sau:

chudn bj than 6ng nano c¢6 d6 dai nam trong khoang tir 10pum dén 200pm;

dua than 6ng nano néi trén vao trong dung dich axit H,SO,4 ¢6 néng d6 nam trong

khoang tir 40% dén 98% tai nhiét do phong;

b6 sung KMnO, vé6i lugng gip tir 3 dén 10 1an khéi luong than dng nano vao hdn
hop than 6ng nano + H,SO4, khudy hdn hop thu duge trong khoang thoi gian tir
30 phut dén 60 phut;

tang nhiét d6 ctia hdn hop thu duoc 1én khoang tir 90°C dén 120°C va tiép tuc
khudy trong khoang thoi gian tir 30 phit dén 60 phit;

lam lanh hdn hop thu dugc xudng nhiét d6 nim trong khoang tir 1°C dén 8°C va
bd sung H,0, véi lugng nam trong khoang tir 15ml dén 30ml, va tiép tuc khudy
trong thoi gian tir 30 phut dén 60 phut dé thu duoc graphen tach ma;

lam sach graphen tach mé tao thanh béng cach bd sung nudc, loc va ria dé loai bo
céc chit phan tng con du;

rira phan rin trén loc bang cdn va siy kho phan rin & nhiét do nim trong khoang
tir 60°C dén 100°C trong thoi gian tir 8 gio dén 24 gid dé thu dugc graphen dai

nano dang bot toi xdp.

2. Phuong phap theo diém 1, trong d6 t6t hon néu than éng nano c¢6 do dai nim trong

khoang tir 10pm dén 100um, tét nhit néu than éng nano c6 do dai ndm trong khoang tur

10pm dén 20pum.

3. Phuong phép theo diém bét ky trong s cac diém tir 1 dén 2, trong d6 tdt hon néu

dung dich axit H,SO,4 c6 ndng dd nam trong khoang tir 40% dén 50%.

4. Phuong phép theo diém bét ky trong sd cac diém tir 1 dén 3, trong do t6t hon néu

KMnO, dugc bd sung v6i luong bang 5 1an dén 10 14n khéi lugng CNTs, va hon hop

thu duoc duoc khudy trong khoang thoi gian tir 45 phut dén 60 phit.
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5. Phuong phép theo diém bét ky trong sb cac diém tir 1 dén 4, trong d6 tét hon néu &
budc tiép theo hdn hop thu dugc dugc ting nhiét dd 1én dén 100 — 120°C, va tiép tuc
khudy trong khoang thoi gian tir 45 phit dén 60 phut;

6. Phuong phép theo diém bat ky trong s6 cac diém tir 1 dén 5, trong d6 t6t hon néu &
budc tiép theo hdn hop thu dugc duogc bd sung H,0O, véi lugng nim trong khoang tur
20ml dén 30ml sau khi 1am lanh xubng nhiét d6 nim trong khoang tir 1°C dén 5°C va
duoc tiép tuc khudy trong khoang thoi gian tir 45 phat dén 60 phut dé thu duoc graphen

tach mo.

7. Phuong phap theo diém bat ky trong sb cac diém tir 1 dén 6, trong d6 sau khi l[am
sach graphen tach mé bang nudc, tdt hon néu phan rin trén loc dugc rira bang cdn, sau
d6 sdy kho phan ran & nhiét do nim trong khoang tir 80°C dén 100°C trong khodng thoi
gian tir 16 gi&r dén 24 gio dé thu dugc graphen dai nano dang bot toi x6p.

8. Phuong phap ché tao hé ddu nhon dwa trén phu gia graphen dai nano (graphene

nanoribbon) bao gdm cac budc sau:

- ché tao graphen dai nano tir than 6ng nano bang phuong phép theo diém bét ky

trong s cac diém tir 1 dén 7;

- tron graphen dai nano thu dugc v6i ham lugng nam trong khoang tir 0,0001% dén

10% khdi legng vao dau nhon thuong mai;

- phan tan graphen dai nano nay trong ddu nhon thuong mai dé tao thanh hdn hop
phan tan dong nhit.

9. Phuong phép theo diém 8, trong d6 budce phan téan graphen dai nano trong diu nhon

thuong mai dugc thuc hién nhu sau:

- dénh siéu 4m tai nhiét d6 niam trong khoang tir 30°C dén 60°C véi tin sé 20kHz &
ché do quét: Panh siéu am 30 phut - nghi 5 phit rdi tiép tuc danh siéu 4m hoic &
ché d6 danh lién tuc trong khoang thoi gian tir 1 gior dén 5 gio;

- ddng héa hdn hop thu dugc véi ap sudt ddng héa tir 600 bar dén 1200 bar, sé chu
ky dong hoa nam trong khoang tir 1 chu ky dén 20 chu ky va thoi gian ddng hoa
nam trong khoang tir 3 phit dén 60 phut, d& thu dugc san phdm diu nhon c6 phu

gia graphen dai nano dugc phén tan ddng nhit.
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RAWCNTYS [ TEM]
L L0 e Ol 7

Hinh la. Anh TEM cua than 6ng nano (CNTs) ban dau

Hinh 1b. Anh TEM ctia graphen dai nano (graphene nanoribbon) tach md tir CNTs
10pm
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Hinh 2a. Gian dd phén tich nhiét vi sai ciia mau graphen dai nano (graphene

nanoribbon) tich m¢ tr CNTs 10um

Spectrum 2
c
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Hinh 2b. Pho tan xa ning lugng EDX ctia m3u graphen dai nano (graphene nanoribbon)
tach mé tor CNTs 10pum
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3a. Anh TEM ctia graphen dai nano
(graphene nanoribbon) tdich m& tir CNTs
20pm

3b. Anh TEM ciia graphen dai nano
(graphene nanoribbon) tach mé tir CNTs
50pm

3c. Anh TEM ctia graphen dai nano
(graphene nanoribbon) tich mé tir CNTs
100pm

3d. Anh TEM cua graphen déi nano

(graphene nanoribbon) tach mé tir CNTs
200pum

Hinh 3
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