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A new ionic liquid triethylammonium carboxylate [(C2Hs)sNH][RCOO]
(where R is fatty acid groups of coconut oil) was synthesized from fatty
acid of coconut oil and triethyl amine. Graphene oxide (GO) was
synthesized from graphite via modified Hummers method then was
reduced to form reduced graphene oxide. The products were
characterized and confirmed by FT-IR, XRD and NMR analysis. Friction-
reducing additives was prepared from by dispersed reduced graphene
oxide in [(CoH5)sNH][RCOQ] (0.1%). Friction-reducing properties of
materials were measured by GOST P56946-2016 (equivalent to ISO
13500:2008). The results show that using graphene and liquid
triethylammonium hydrogen carboxylate lead to increase in the friction-
reducing property of based oil in drilling fluid and mixture of them
showed highest capacity of increasing the friction-reducing property of
drilling fluid.

Gidi thiéu chung

dé gidam ma sat, gidm mai mon bd dung cu khoan tu
dé gidm tiéu hao nang lugng va tang dé bén bd dung

Khi khoan, do ma sat rat I6n gita dung cu pha hay
(choong khoan) va céc thanh phan bé dung cu khoan
véi dat da & day giéng khoan, nén nhiét do tai nai tiép
xUc ¢ thé 1én t&i 800-1000°C. Thuc té cho thdy chi
0,01% céng suét may khoan phuc vu cho qué trinh phé
huy d&t da, phan con lai sinh ra nhiét. Nhiét néng sinh
ra mét phan di vao dat da, phan con lai lam néng bd
dung cu khoan dan dén lam giam do bén va do chéng
mai mon cla choong khoan, dan dan lam cho choong
khoan lam viéc kém hiéu qud. Khi tudn hoan, dung
dich khoan c6 tac dung tan nhiét, béi tron céac 6 bi va
cac chi tiét khac clia choong, can khoan va 6ng chdng

cu khoan. Bé tang kha nang bdi tran ngudi ta thudng
thém dau bdi tron (khodng 2-3%) vao dung dich
khoan. Dung dich khoan g&c dau cé kha nang béi tran
t6t. Tuy nhién ngay nay, trong céng nghiép khoan
thuong st dung dung dich khoan g&c nudc nén viéc
nghién clu cai thién hoac ché tao mdi phu gia nham
nang cao han nifa hiéu qua tan nhiét, gidm ma sat va
gidm mai mon cla dau boi tran la can thiét. Mét s6
nghién ctu cho thédy viéc dua nano cacbon, nano
graphite va nano CaCOs...[1] vao dung dich khoan lam
tang hiéu qua bdi tron.
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Graphene ¢6 do bén cd hoc cao, dd chiu bién dang
thdp do tuang tac van der Waals yéu gitta I8p cac ¢
dé day nguyén ti, d6 dan nhiét cao va dién tich bé
mat I3n tao ra tiém nang Ung dung graphene cho dau
boi tron. Nhiéu nghién clu da sir dung graphene lam
chét boi tran rén, lam phu gia cho déau boi tron va cho
két qua rat kha quan [2]. Hon nira, trudng dai hoc Rice
(Houston, Hoa Ky) va Cong ty dung dich khoan hang
dau thé gidi (M-I SWACO) da két hgp nghién clu va
cho théy rang mét lugng rét nhé graphene trong dung
dich khoan cling c6 kha nang bit kin cac 16 réng trong
via theo do dau cé thé chay qua gdy mat mat giam
san luong dau [3]. Tuy nhién, graphene dé bj két tu
thanh hat kich thudc I6n lam gidm dién tich bé mat va
hiéu qua boi tron nén viéc nghién cltu dé phan tan
ching t6t hon la rét quan trong. Nhiéu phuang phap
bién tinh graphene d& dugc sit dung dé én dinh va
phén tan graphene trong déu nhu: alkyl hod dua mach
alkyl va dau vao cdu truc dé ting dé phan tan cla
graphene [4], ché tao qud c&u nhan graphene giéng
nhu cac vién bi siéu nhd co khad nang thay déi hudéng
trong sudt qua trinh trugt, sé co tac dung ngan can hai
bé mat ti€p xtc khdi bi "khda” lai v&i nhau khi trugt
trén nhau [5]...

Céc chét léng ion (ILs - ionic liquids) la cac hgp chat
dang ion ¢6 nhiét dé néng chay nho hon 100°C. Do c6
nhiéu dac tinh nhu: bén nhiét, khédng bay hoi, dan
nhiét t6t, lam gidm dang ké luc ma sat va su mai mon
nén ching da dugc nghién ctu st dung lam déu boi
tran va phu gia cho dau béi tron [6]. Gan day, José
Sanes va CS da phét hién ra tac dung hiép doéng khi st
dung doéng thdi ILs va graphene (ndng dé 0,005%) lam
phu gia béi tran, luc ma sat giam 77% va sy mai mon
giam 74% [7]. G6¢ hydrocacbon dai cla ILs gilp cho
graphene phan tan én dinh trong chét boi tron két
hop vdi tinh chat uu viét s8n co cla hai vat liéu sé tao
ra phu gia hiéu qua gidm ma sat va mai mon cao. Cac
két qua nay cho théy ILs ¢ tiém nang st dung lam
phu gia bdi tran, dac biét gan day khi nhiéu ILs gia
thanh thap dugc ché tao thi ing dung clia chdng cang
phong ph.

Viéc nghién clu dé tao ra phu gia boi tron hiéu qua
han, tuang hgp t6t hon va gidm liéu lugng dung la can
thiét. Viéc st dung phdi hgp cac phu gia sé tao ra hiéu
Ung hiép dong tang hiéu qua va loai trtr nhitng han
ché khi dung riéng tung loai. Nhiing két qua phan tich
& trén két hop vdéi tim hiéu dac diém cdu tric va tinh
chét cla hai loai vat liéu: chat long ion va graphene
bién tinh da ggi y ching t6i lya chon hudng nghién
clu két hgp dong thai ca hai vat liéu nay dé lam phu
gia bdi tron cho dung dich khoan. Tuy nhién, mét han

ché clia viéc st dung cac chét long ion la gid thanh
cla ching kha cao, trong nghién cltu nay ching toi
ché tao ra chat 1dng ion mdi cé gia hap ly tir dau dia.

Thyc nghiém va phuang phap nghién clu
Nguyén liéu

Graphite dugc mua tU hang Sigma Aldrich, H.SO4
(98%), KMnOs (loai tinh thé 99%), HCI(36-38%),
Etanol(99,7%), Acetone, NH4sOH (25%), triethyl amine
(99%) c6 xudt x& Trung Quéc, dau dira mua cla cong
ty C6 Phan Dau DUa Viét Nam.

Quy trinh thuc nghiém
Tdch acid béo tor dau dira

Cho 15 g dau dura vao binh nén ¢ 100 ml. Thém vao
do 25 ml ancol etylic. Lap sinh han khéng khi va dun
cach thly dén khi hdn hop tan déu. Thém vao do 10
ml dung dich KOH 25% trong etanol va dun soi trén
noi cach thay 60 phdt nita cho dén khi dugc dung dich
dong nhét va trong sudt.

Thém 75 ml nudc cét vao hdn hgp sau phan Ung &
25°C dé yén trong 5 phut. Chiét Idy phan dung dich
chtfa xa phong. Nho tU tir dung dich HCl 4N vao dung
dich xa phong vua chiét dugc dén khi PH=1 khuédy
trong vong 30 phat. Thém 30ml n-hexan vao dé hoa
tan acid béo sau do rlta qua nudc cho téi khi PH=7 (c6
thir gidy quy), cho hén hop vao binh chiét 18y phan
acid béo. Cho bay hai n-hexane dé thu lay acid béo.

Tong hop chdt [ong ion tur acid béo

Cho 45ml triethyl amine vao binh thly tinh, l3p sinh
han hoi luu. Nhé tU tur 37ml HCI 20% trong vong 4
tiéng, khudy déu hén hop. Sau khi nho xong, khudy va
gia nhiét hdn hop 3 nhiét do 110°C trong 4 ngay. San
phdm thu dugc gan nhu rén & nhiét dé phong, mau
vang nhat.

(C2H5)3N + HCl > (C2H5)3NHC|

Tron 1an 0.06 mol acid béo vai 0.06 mol NH4OH dé thu
ldy RCOONH.. Hoa tan RCOONHs4 va 0.06 mol
(CoHs)sNHCI riéng biét trong acetone. Sau do tron tu
tUr 2 dung dich vao vd&i nhau (ty 1&é mol RCOONH.IL la
1:1). Khudy hén hop RCOONH,, IL va acetone tai nhiét
dé phong trong 36 gid, quan sat thdy két tia NH.Cl.
Loc két tla bang phuong phap loc va sdy kho loai bd
acetone thu dugc mudi NH4Cl. Dung dich thu dugc
dem gia nhiét & 60°C dé bay hai hoan toan acetone.

48



Vietnam Journal of Catalysis and Adsorption, 9 — issue 1 (2020) 47-52

Dung dich con lai la chat Idng ion N(CoHs)sRCOO c¢b
dd nhat kha 16n.
RCOOH + NH4OH = RCOONH4 + H,O
RCOONH, + (CoHs)sNHCI = RCOON(CaHs)s + NH4Cl
(két tha)

Téng hop graphene oxide (GO)

Pugc thuc hién theo phuong phap mo ta trong tai liéu
[8], cu thé nhu sau:

Cho 3 g bot graphit vao 42 ml dung dich H.SO4 98%
trong mét c6c 1000 ml duge ngadm sén trong chau da
mudi lanh (0°C), khudy lién tuc trong 30 phut vdi téc
dé khudy 350 vong/phdt. Thém tr tir 0,45 g KMnO.
vao hdén hop dang dugc khudy trén. T6c do cho
KMnO4 phai dam bao sao cho hdn hop khong vuot
qua 0 = 5°C. Thém 9 g KMnO4 vao hén hop dang
dugc khuéy trén, t6c dé cho KMnO4 phai ddm béo sao
cho nhiét d& hén hop khéng vuot qua 35 + 3 °C.
Khudy ti€p trong 30 phut. 120 mL nudc cat dugc thém
vao hén hop rét tir ti dé tranh hién tugng qué nhiét
cuc bd, nhiét dé cla hé dugc git & 90 °C, tiép tuc
khudy trong 30 phut. Thém tiép 80 mL H,O dé ding
phan Ung, nhiét dé ~ 50 °C, khudy tiép 20 phut. Thém
10,5 mL dung dich H.0, 30% vao hén hgp, khudy
khoang 20 phut. San phédm dudc loc ria vai dung dich
HCl 0,1 M sau do rlia nhiéu lan véi nudc cat va ly tam
dén pH = 7, sdy khd & nhiét d6 60 °C trong chan
khoéng thu dugc graphene oxide. Hon hop da sdy kho
dugc nghién min bang c6i d& ma ndo va bdo quan
trong binh kin. Thém ti€p 80 mL H,O @€ dung phan
Ung, nhiét d6 ~ 50 °C, khuéy tiép 20 phdt. 10,5 mL
dung dich H0, 30% dugc cho vao hén hgp, khudy
khodng 20 phut. San phém dugc loc rifa véi dung dich
HCI 0,1 M, sau dé rdia nhiéu lan vd&i nudc cét va ly tam
dén pH = 7, sdy khd & nhiét d6 60 °C trong chan
khoéng, thu dugc graphene oxide. HOn hop sdy kho
dugc nghién min bang c6i da ma nao va bdo quan
trong binh kin.

T6ng hap graphene oxit khir (rGO)

Pugc thuc hién theo phuong phap mo ta trong tai liéu
[8], cu thé nhu sau:

Thém 0.27g ethylen glycol nguyén chat va huyén phu
GO. Bat bd phan khuét trén cua thiét bi phan Ung va
dat & ché do 100 vong/ phut. Trong thai gian chd ddi,
tién hanh lap hé théng sinh han va thiét bj phan ting
pha long. Bat ché do nhiét 120 d6 C cho binh phan
Ung,bat bd gia nhiét. Tién hanh phan Ung pha léng.
Loc rlra chét ran bang nudc cat 3 1an. sdy san pham

trong méi trudng chan khéng, & 100 °C trong 3h. Thu
hoi san pham rGO va kiém tra chéat luong.

Bdc trung san phdm

Ph& héng ngoai thuc hién bang phuong phap ép vién
KBr trén may FTIR 4600 JASCO, ph6 céng hudng tu
hat nhan ™ NMR dudgc do trén Bruker AMO FT-NMR
Spectrometer (at 500 MHz) trong CDCls, ph§ X-ray
dugc do bang may D8 ADVANCE BRUKER.

Bdnh gid kha ndng gidm moment ma sdt cho ddu béi
tron dung cho dung dich khoan

Céc phu gia dugc pha vao dau géc cla hang Total (la
dau g6éc hién dang st dung lam chét béi tron cho
dung dich khoan cla Lién doanh dau khi Viét Nga)
trong khoang ham lugng nghién clu, sau d6 dau thu
dugc sé pha vao dung dich khoan géc nudc VSP/ PK-
650 va do cac chi tiéu theo tiéu chudn GOST P56946-
2016 (tuong dudng vdi ISO 13500:2008) cua Lién
doanh dau khi Viét Nga.

Két qua va thao luan
Két qua ddc trung san phdm

D&u dUa chlra chi yéu cac triglyceride cia moét s
acid béo, trong do acid lauric chiém ty 1é cao nhat la
47,5%, con lai gdbm mot s6 acid bdo hoa nhu: acid
myristic, palmitic, caprylic, caproic va lugng rat nho
acid khéng b&o hoa nhu linoleic va oleic. Sau khi thuc
hién cac budc xa phong hoé tao mudi réi acid hoa dé
thu 18y cac acid béo, san phédm dugc do phd IR. Cac
dinh 3 2924 cm™ va 2855 cm™ la cac dao déng cla cac
nhém -CH; va -CHs. Binh & 723 cen™ dac trung cho cac
lien két C-H va & 931 cm™ dac trung cho nhém —OH.
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Hinh 1: Phé hdng ngoai cla acid béo ti dau dura.
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Hinh 2: Ph& hdng ngoai clia acid lauric.
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Hinh 3: Phé 'H-NMR clia chét 1dng ion
[N(C2Hs)sH][ROO]

Ngoai ra, cuc dai & 1702 cm™' dudc gén cho nhom
chiic ctia nhém carbonyl (C=0) va & 1292 cm™ la do
nhém C-O. Phé FI-IR cla acid béo tao thanh kha phu
hop vdi cla acid lauric [9]. K&t qua nay xac nhan sy tao
thanh cac acid béo.

K&t qua phd H-NMR clia chét long ion dugc trinh bay
trong hinh 3 xuét hién cac tin hiéu cong hudng phu
hop Vvai cau trdc du kién, proton & nhém NH co do
chuyén dich hoa hoc la 8,989 ppm, cac proton
CHsCOO c6 db chuyén dich hoa hoc trong ving 3,102
- 3,116 ppm; do chuyén dich hoa hoc clia cac proton
NCH, & vung 6=2,269-2,299 ctia CHs trong gdéc acid
béo la 2,69-2,99 cla cac nhom CH, la 2,134-2,622
ppm, cla cac proton trong nhom NCH.CHs 1a 0,866-
0,893 ppm. Két qua nay xac nhan sy tao thanh cla
chét 1ong ion tU triethyl amine va acid béo.

Két qué do phé FT-IR va X-ray cla graphene cling cho
két qua phu hgp vdi két qua cong bd trong tai liéu [8]
va xac nhan su tao thanh cla graphene.

Ddnh gid cdc chi tiéu cta dau géc sau khi pha
Graphene vdi chdt [dng ion

— T T T T 7
4000 3500 3000 2500 2000 1500 1000 500

D& danh gia hiéu qua cia phu gia, ndm mau th
nghiém tir M1,M2',M3',M4" va M5 la d&u géc cla Total
dugc pha thém phu gia khac nhau ché tao dugc, mau
M6 1a mau g&c khong co phu gia lam déi chiing. Cac
mau dugc danh gia 9 chi tiéu theo tiéu chuin cla Lién
doanh dau khi Viét Nga. Két qua do cho thay, cac mau
dau bodi tran ¢ pha phu gia déu dat cac chi tiéu theo
qui dinh. Nhu vay viéc cho thém phu gia khéng énh
hudng dén céc chi tiéu cda dau bdi tran khi pha vao
dung dich khoan. Két qué dudc trinh bay & bang 1.

Cac mau: M1,M2', M3’ 1a dau g&c pha thém 1,3,5% IL
(d& hoa tan 0,1% graphene). Kh& nang lam gidam ma
sat tang tu 70% 1én 78% & nhiét dé 25°C va tU 66%
dén 72% & 130°C khi tdng ham lugng phu gia tur 1%
dén 3%. Tuy nhién, khi tding hon nita ndng dé phu gia
lén 5% thi khd ndng gidm ma sat lai tang it, tUr 78% Ién
80% & nhiét do 25°C va tu 72% dén 75% & 130°C. Vi
vay dé tiét kiém nén st dung 3% IL (da hoa tan 0,1%
graphene) trong dau béi tron la hgp ly.

M4’ st dung IL t8ng hap dugc tif dau difa, mau nay co
kha nang lam tang dé gidm ma sat 1én 730% 25°C va
67% & 130°C cao hon cac mau st dung chét long ion
aliquat. Biéu nay la do dau bdi tron cd ngudn géc tu
dau thyc vat nén khi dung chét léng ion téng hop
dugc tU dau thuc vat thi IL c6 kha nang tucong hgp vdi
dau béi tron t6t hon dan dén graphen phan tan tét
hon. Nhu vay IL téng hgp dugc co gia thanh thap hon
rét nhiéu so vai aliquat nhung hiéu qué lai cao hon

DEé danh gia tac dung déng thai cla IL va graphene,
mau M4’ 1a dau g6c véi IL va M5 1a dau gbc vai
graphene cling dugc do céc chi tiéu. So sanh vdi két
qua cua aliquat thi hiéu qua gidm ma sat cla IL téng
hop tU dau thuc vat (73% va 67%) t6t hon cla chét
l6ng ion aliquat (68% va 63%) [10]. K&t qua mau M5
cho thédy graphene cling cé hiéu qua gidm ma sat kha
cao. Tuy nhién khi dung riéng Ié IL hodc graphene thi
hiéu qua gidm ma sat cla cac phu gia thdp han so vdi
dung két hgp IL va graphene. Chét ldng ion dugc xem
la c6 tac dung ngan chdn phan Ung oxi hoé [] trong
khi graphene lam tang kha nang chiu tai clia chét boi
tran, mat khac, chat long ion gilp cho graphene phan
tan t6t han trong hé chat béi tran nén sy két hop ca
hai tao ra hiéu Ung hgp doéng khi stf dung déng thai ca
hai.

Bang 1: Két qua do cac chi sé cla dau géc chifa céc
phu gia (M1: 0,001% graphene va 1% IL, M2": 0,003%
graphene va 3% IL, M3" 0,005% graphene va 5% IL,
M4 3% IL, M5: 0,003 graphene, M6: dau géc déi
ching.
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Bon VSP/ PK- 650

STT Théng s6 ky thuat vi | Yeuca KET QUA

M1 M2’ M3’ M4’ M5 M6

Dang | Dang | Dang { Dang Dang Dang
ldbng, | 16ng, | 1dng, long, long, long,
linh linh linh linh linh linh
dbéng | dbng | dbng | dbng déng déng

Dang
1 Nhan dang - long, linh
déng

2 | pH cla san phdm - 6-8 6-8 i 6-8 i 6-8 i 6-8 i 6-8 6-8

PO tang trong luogng cla mau
cao su, bi dnh hudng bdi chat
boéi tron cd trong dung dich
khoan trong diéu kién nung quay
& nhiét do 130°C trong thai gian
24 gig, khéng I6n han

% TL 2,5 <1.2 <1.2 <1.0 <1.0 <15 <15

Do truong nd thé tich cia mau
cao su, bi dnh hudng bdi chat
béi tron c6 trong dung dich
khoan trong diéu kién nung quay
& nhiét do 130°C trong thai gian
24 gig, khdng I6n han

% TT 1 <05 <0.5 <0.5 <0.5 <0.6 <0.6

Khad ndng lam gidam moment ma
sat clla DDXL (1% chét bdi tran)

3 nhiét do 25°C, khdong nhé hon | % 60.0 70 79 80 73 72 50
G nhiét do 130°C trong 16 h, | % 50.0 66 72 73 67 70 40
khong nho haon

GiGi han thay déi cac théng sé:
trudc va sau khi xr 1 20 ml hoa
phém boi tron trong 1 lit dung
dich nén & nhiét d6 25°C va 130 giay
6 oC/ 16 hr 1b/100 +5 +1 +2 +1 +1 +1 +1
D6 nhdt phdu (phu USA), | f2 £5 +1 +1 +2 +2 +2 +2
khéng 16n han

Geho clia dung dich xur i, khong
I6n hon

Thé tich I&p khoéng tan cla dung
dich nhi (5% (thé tich) chat boi
tron trong NKT) n6i bén trén &
nhiét dé 25°C, khéng I6n han

ml 5 2.0 2.0 2.0 2.0 2.0 2.0

Kha ndng sinh bot cua dung dich
(10ml chéat boi tron trong 190 ml
NKT) & nhiét dé 25°C, khong 16n
han

% TT 5 5 50 5.0 50 5.0 5.0

Phén con lai trén sang 125x125
pm, khéng 16n hon
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Két luén

Chét 16ng ion t6ng hgp dugc t ngudn nguyén liéu
san ¢o trong nudc la dau dia cé gia thanh hop ly dé
dung pham phu gia cho déu boi tron. rGO dudc téng
hap thanh cong tU graphite va dugc dac trung bdi cac
phé IR, X-ray. Két qua do cho thdy ca graphene va IL
téng hop tUr dau dita déu co tac dung gidm ma sat khi
dung lam phu gia cho chat béi tron. Viéc su dung
déng thai ca IL va graphene cho hiéu qua gidm ma sét
cao han khi dung riéng ré IL hay graphene. Nhu vay,
c6 thé sir dung déng thai IL va graphene dé lam phu
gia gidm ma sat cho chéat béi tron dung cho dung dich
khoan. Két quéa nghién clu chi ra mét hudng nghién
cliu mdi st dung IL mdi c6 gia thanh hgp Iy tU ngudn
nguyén liéu tu nhién san cé & Viét Nam va graphene
dé lam phu gia cho chét boi tron.

Tai liéu tham khao

1. http://www.vista.gov.vn/UserPages/News/detail/t
abid/73/newsid/13459/seo/Nghien-cuu-lua-
chon-va-ung-dung-vat-lieu-nano-nham-tang-
tinh-boi-tron-cho-dung-dich-khoan-tren-nen-
set-va-phu-gia-polime/language/vi-
VN/Default.aspx

2. Diana Bermant, Ali Erdemir2 and Anirudha V.
Sumant, Graphene: a new emerging lubricant,
Materials Today Volume 17(1), January/February
2014

3. http://vngraphene.com/graphene/graphene-
dau-dong-co/phu-gia-graphene-trong-dung-
dich-khoan-dau-khi/

10.

Shivani Choudhary, Harshal P. Mungse and Om
P. Khatri, Dispersion of alkylated graphene in
organic solvents and its potential for lubrication
applications, : J. Mater. Chem., 2012, 22, 21032

Jiayan Luo, Hee Dong Jang,Tao Sun, Li Xiao,
Zhen He, Alexandros P. Katsoulidis, Mercouri G.
Kanatzidis, J. Murray Gibson, and Jiaxing Huang,
Compression and Aggregation Resistant Partic
les of Crumpled Soft Sheets, ACS
Nano 2011, 5, 11, 8943-8949

Yan Zhou and Jun Qu, lonic Liquids as Lubricant
Additives: A Review, ACS Appl. Mater. Interfaces
2017, 9, 3209 -3222

José Sanes, Maria-Dolores Avilés, Noelia Saurin,
Tulia Espinosa, Francisco-José Carrién, Maria-
Dolores Bermudez, Synergy between graphene
and ionic liquid lubricant additives, Tribology
International (2017).

BUi Thi Lé Thuy, Nghién clu téng hop va su
dung vat liéu nanocomposite trén g &
graphene oxide khir @€ nang cao hiéu qua hép
thu nhiét mat trai trong qua trinh chung cat nudc
man thanh nudc ngot, dang trinh déng Tap chi
XUc tac va hap phu.

Wenzel O, Schwotzer M, Mdaller E,
Chakravadhanula  VSK,  Scherer T, Gerdes
A.Investigating the pore structure of the calcium
silicate hydrate  phase.  Mater  Charact
2017,133:133-7.

Bui Thi Lé Thuy, Trugng Van Tu, Nghién clu ché
tao phu gia gidm ma sat trén cd sd graphene va
chét ldng ion cho chéat béi tron dung trong dung
dich khoan, d& dugc chdp nhén dang Tap chi
Ho4 hoc va Ung dung.

52


http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://www.vista.gov.vn/UserPages/News/detail/tabid/73/newsid/13459/seo/Nghien-cuu-lua-chon-va-ung-dung-vat-lieu-nano-nham-tang-tinh-boi-tron-cho-dung-dich-khoan-tren-nen-set-va-phu-gia-polime/language/vi-VN/Default.aspx
http://vngraphene.com/graphene/graphene-dau-dong-co/phu-gia-graphene-trong-dung-dich-khoan-dau-khi/
http://vngraphene.com/graphene/graphene-dau-dong-co/phu-gia-graphene-trong-dung-dich-khoan-dau-khi/
https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fnn203115u
https://pubs.acs.org/action/showCitFormats?doi=10.1021%2Fnn203115u



