NGHIEN CUU CHE TAO PHU GIA GIAM MA SAT
TREN CO SO GRAPHENE VA CHAT LONG ION

CHO CHAT BOI TRON DUNG TRONG DUNG DICH KHOAN

SUMMARY

TRUGNG VAN TU, BUI THI LE THOY
Trudng Pai hoc MG Dia chat

Graphene oxide (GO) was synthesized from graphite via modified Hummers method then was re-
duced by ethylene glycol to form reduced graphene oxide. The products were characterized and con-
firmed by FT-IR and XRD analysis. Friction-reducing additives for drilling fluid were prepared by
mixing reduced graphene oxide (graphene) and ionic liquid methyltrioctylammonium chloride ratio of
1:1000 by mass. Friction-reducing property of based oil when adding graphene, methyltrioctylammo-
nium chloride, and prepared additive were measured by GOST P56946-2016 (equivalent to 1SO
13500:2008). The results show that using graphene, methyltrioctylammonium chloride, and prepared
additives lead to increase in the friction-reducing property of based oil in drilling fluid among them pre-
pared additives showed highest capacity of increasing the friction-reducing property of drilling fluid.
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L. DPAT VAN PE

Cac giéng khoan tham do dau khi trén thém luc dia
Viét Nam thutng c6 do sau trén 3.000m, phan I6n dudc
thi cong vaGi cong nghé khoan xién. Trong qua trinh thi
cdng giéng khoan, hign tugng ket mat thuong xay ra do
lic ma sat va momen xoan tac dung Ién can khoan
qua I6n. P& xi ly su cO trén ngudi ta phai diing khoan
cliu ket bang nhiéu bién phap khac nhau, dan dén tién
do thi cong bi cham lai. Nhdm khic phuc hién tugng
néu trén mot loai phu gla dugc thém vao dung dich
khoan dé tang cuong kha ndng boi tron clia dung dich.
Chat phu gia nay dugc goi 1a chdt bdi tron dung dich
khoan. Lugng chat bdi tron thém vao khoang 2 -3%
trong Iugng dung dich khoan. Cac chat bdi tron cho
dung dich khoan dugc st dung hién nay phan I6n ¢
thanh phan chinh 1a ddu thuc vat bién tinh.

G nudc ta hang nam Xi nghiép Lién doanh diu khi
Vietsovpetro st dung trén mot nghin tdn chat boi tron
dung dich khoan, phan I6n do Cong ty DMC cung cap.
Chat boi tron nay c6 tén thuong mai DMC-Lub, san
xuat trén ¢d s& bién tinh hoa hoc dau vo hat diéu, véi
gia thanh tuong doi thap. Tir ndm 2003, Xi nghiép Lién
doanh ddu khi Vietsovpetro thay d6i cong nghé khoan,
chat boi tran DMC-Lub khong dap (ing dugc cac yéu
cau mai vé do phan tan trong nuGc cting nhu kha ndng
truong nd cao su theo tiéu chudn chat luong RD-SP 61
-02. Do d6 nhu cdu san xuat chat bdi tron khac tot hon
thay thé DMC-Lub dugc dit ra [1].
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Nhiéu nghién clu dang ti€p tuc thuc hién dé cai
thién hon niia tinh chat cla diu goc va tao ra cac phu
gia hiéu qud cho chat bdi tron. Mot so béo cdo cho
rang viéc dua nano cacbon, nano graphite va nano
CaCO, vao dung dich lam tang hiéu qua bdi tron [2-4].

Mudi ion long (ammonium [NR,]X, imidazolium
[CsHaN]X...) [a nhém cdc hop chdt dang 1ong co cdu
tric ion. Chang dugc ung dung lam xic tac va dung moi
cho nhiéu phan @ing va qua trinh khdc nhau. Do c6
nhiéu ddc tinh nhu: ben nhiét, khong bay hai, dan nhiét
tot, lam gidm dang ké luc ma sat va sy mai mon nén
ching da duge nghién ciiu st dung lam chat boi tran
va phu gia cho chat boi tron [5-7].

Graphene c6 cdu tric mang luc glac hai chiéu clia
carbon, dugc cong nhan la vat lidu ndi bat nhat trong
thap ky v6i mot loat Ging dung [8]. D bén co hoc cao,
do chiu bién dang thap do tuong tac van der Waals yé’u
gilta 16p cac c6 do day nguyén tir, do dan nhiét cao va
dién tich bé mat I6n tao ra tiém ndng Ung dung
graphene cho chat boi tron. Nhiéu nghién ctu da su
dung graphene lam chat boi tron rdn, lam phu gia cho
chat boi tron va cho két qua rdt khd quan [9-11].
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Hon nifa, Truong Pai hoc Rice (Houston, Hoa Ky) va
Cong ty dung dich khoan hang dau thé gigi (M-I
SWACO) da két hgp nghién ciu va cho thdy rang mot
ligng rat nho graphene trong dung dich khoan ciing c0
kha ning bit kin cac 16 rong trong via theo d6 dau co
thé chay qua gdy mat mat gidm san luong ddu [3].

Gan ddy, José Sanes va CS da phat hién ra tic
dung hiép dong khi st dung dong thdi mudi imida-
zolium [CzH,N,]X hodc amonium [NR,]X long va
graphene lam phu gia cho chat bdi tron. Luc ma st
giam 77% va su mai mon giam 74% [12].

Vigc nghién clu dé tao ra phu gia hiéu qué hon va
giam lugng phu gia dung cho chat boi tron 1a can thiét.
Viéc st dung khoi hap céc phu gia s€ tao ra higu ling
hiép dong tang hiéu qua va loai trir nhung han ché khi
dung riéng tiing loai. Nhiing ket qua phan tich & trén
k&t hop vai tim hleu dic diém cdu tric va tinh chat cla
hai loai vat ligu mudi amonium [NR,]X long va graphene
da goiy chung t0i Ira chon huGng nghién clu két hop
dong thai c& hai vat ligu nay dé lam phu gia cho chat
boi tron.

II. THUC NGHIEM

1. Héa chat

Graphite dugc mua tr hang Sigma Aldrich, H,S0,
(98%), KMnO, (loai tinh thé 99%), HCI (36-38%),
ethanol (99,7%), acetone, NH,0H (25%), ethylene gly-
col (99%) c6 xudt xif Trung Quéc.

2. Quy trinh tdng hop

a. Tong hgp GO

Cho 3 gam bt graphit vao 42ml dung dich H,SO,
98% trong mot coc 1 lit dugc ngdm sin trong chiu da
mudi lanh, khudy cd lién tuc trong 30 phat véi toc do
khudy 350 vong/phat. Thém tir tii 0,45 gam KMnO, vao
hon hop dang dugc khudy trén. Sau dé khudy thém 15
phat. Thém tir tir 9 gam KMnQ, vao hon hgp dang dugc
khudy trén, tdc do cho KMnO, phal dam bdo sao cho
nhiét do hon hop khdng vugt qua 35+5°C, sau do khudy
thém 30 phat. 120ml nudc ¢4t dugc thém vao hdn hdp
tli tli dé tranh hién tugng qué nhiét cuc b, nhiét do cla
hé gilr 6 90°C, tiép tuc khudy trong 30 phat. 10,5m!
dung dich H,0, 30% dugc cho vao hén hgp, khudy
trong 20 phat. Thém tigp 80ml H,0 dé dung phan tng,
nhiét do khoang 50°C, khudy ti€p 60 phdt. Sén pham
dugc loc riia v6i 120ml dung dich HCI 0,1M, sau d6 rGa

nhiéu Ian v6i nutc cat va ly tam dén pH = 7, sdy kho
& nhiét do 60°C trong chan khong, san pham thu dudgc
la Graphlte oxide. Hon hop sdy khd dugc nghién bang
coi da vao bao quan trong binh kin.

b. Tong hgp graphene (rGO)

Thém 0,27 gam ethylen glycol nguyén chat va huyén
phil GO. B4t bo phan khuat tron cla thigt bi phan tng
va dat 6 ché do 100 vong/ phit. Trong thdi gian chg
doi, tién hanh Idp hé thc“)'ng sinh han va thiét bi phan
{ing pha 16ng. Dat nhiét do & 120°C cho binh phan ung,
bat bg gia nhiét. Tién hanh phan ung pha Iong Loc rlia
chat rdn béng nudc cat 3 lan. sdy san phdm trong m0|
trudng chan khong, 6 100°C trong 3 gid. Thu hdi san
phadm rGO va kiém tra chat lugng.

¢. Danh gia khad ndng gidm moment ma sét cho
chat bdi tron ding cho dung dich khoan

Cac phu gia dugc pha vao ddu goc clia hang Total
trong khoang ham lugng nghién clu, sau do dau thu
dugc sé pha vao dung dich khoan goc nugc VSP/ PK-
650 va do cac chi tiéu theo tiéu chudn GOST P56946-
2016 (equivalent to 1ISO 13500:2008) ciia Lién doanh
dau khi Viét Nga.

L KET QUA VA THAO LUAN

1. K&t qua dic trung sin phim
Pho X-ray clia GO va rGO dugc trinh bay & hinh 1.

K&t qud phan tich gian do nhiéu xa XRD d6i v6i miu
GO va rGO. Gian do cta GO co xudt hién dinh dac trung
cla 626 =10,52. Pong thai, khoang cach gilia cac l6p
da dugc nang lén déng ké. i) graphlte khoadng cac I6p
chi la 3,35A [13], nhung & mau GO thi khoang cach
gitia cac I6p tang I18n dén 8.429A. K&t qua nay la do
qud trinh oxy hda da gilip cho cac nhom chic c6 oxy-
gen nhu -OH, -0-, -C=0 va -COOH chen vao giita cac
I6p dan dén 1am nang rong khoang cach gilia cac 16p
graphite. Gidn do cla rGO c6 xudt hign dinh ddc trung
cla & 20 = 23,50 va khodng cach gitta cac I6p giam
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xuong dén 6.582A. Dua trén tham chiéu phé XRD clia
GO va RGO ¢o thé khdng dinh ring cac tai liéu da dudc
téng hgp thanh cong.

Phé hong ngoai clia GO (hinh 2) ¢6 khodng phd
chan rong véi dinh 6 3.480cm™ 1a dao dong clia nhom
-OH. Céc dinh tai 1.692cm™, 1.572cm™, 1.258cm™,
1.062cm™ 1a hdp thu dic trung clia nhém C=0, C=C,
C-OH va C-0. Cac dao dong nay da minh chiing cho su
hién dién cdc nhom chic chira oxy trong GO. Két qua
do phé hong ngoai clia rGO & hinh 1 cho thay chi xuat
hién hai pho déc trung cho dao dong hda tri cia nhom
C=C va C-OH tuong Ung tai khoang 1.585cm™ va

1.180cm™ [13].
@



So sanh phd rGO véi phd GO [1] nhan thay cac pho
cla nhom 0-H va C=0 da gidm nhiéu, nhu vy co thé
k&t ludn phan 16n nhom -COOH va -OH da bj khi.

a—6.s82

> Je—saze

SeRav-cad
L L

T T T v T v T
10 20 30 40 50 60 70 8
2theta

Hinh 1. Gian dd XRD ctia GO va rGO

= -O-H stretching

Wavenum ber [cm-1]

Hinh 2. Phd hdng ngoai ciia GO va rGO

2. Panh gia kha ning gidm moment ma sat
cho chat béi tron dung cho dung dich khoan

P& danh gia hiéu qya st dung s&n pham ché tao ra
lam phu gia cho chat bbi tron dung cho dung dich

khoan. Ba mau thi nghiém M1-M3 12 ddu gdc Total da
pha thém phu gia ché tao dugc v6i ham lugng khdc
nhau, mau M4 la ddu goc pha thém chat 16ng ion, mau
M5 1a diu gbc pha thém graphene va MG la diu goc
khong c6 phu gia lam ddi chimg. Cac mau dau gc c6
chiia phu gia glam ma sat nay dugc pha vao dung dich
khoan (1%) va dénh gid 9 chi tiéu theo tiéu chudn
GOST P56946-2016 (equivalent to 1ISO 13500:2008) clia
Lién doanh dau khi Viét Nga Két qua do (bang 1) cho
thay, cac mau dau goc ¢ pha phu gia déu dat cac chi
tiéu theo qui dinh. Nhu vay viéc cho thém phu gia
khong anh hung dén cac chi tiéu clia chat boi tron
khi pha vao dung dich khoan. Riéng ch tiu s6 5 vé
khd ndng lam giam moment ma sat thi két qua thuc
nghiém cho thdy hén hop graphene va chat 16ng ion
khi pha trong chat bdi tron diing cho dung dich khoan
thi khd ndng gidm ma sét tang dan theo nong do clia
chang. Cu thé: Gac mau M1, M2, M3 c6 ham lugng
phu gia khac nhau 1a: 1,3,5% IL va 0,001% graphene
trong dau boi tron. Khi ting ham Iugng phu gia tif 1%
d&n 3%, kha ndng lam gidm moment ma sat tang tir
68% 18n 78% G nhigt do 25°C va tir 68% dén 78% 0
130°C, tuy nhién khi ting hon nita ndng do phu gia 18n
5% thi kha nang glam moment ma sat lai tang khong
dang k€. Vi vay nén sl dung 3% IL va 0,001%
graphene trong chat boi tron 1a hap 1y.

K&t qua do cac mau M4 va M5 cho thdy ban than
chat 16ng ion hodc graphene cling ¢c6 kha ning giam
moment ma sat nhung hiéu qua thap hon khi dung phdi
hdp ca hai.

VSP/ PK- 650

STT | Théng sb ky thuat Don vi

Y&u cdu

KET QuA

M1 M2 M3 M4 M5 W6

1 Nhan dang

Dang lang,

linh déing

Mii hac

2 pH clia sdn phdm

G-8 6-8 | 6-8 | 6-8 | 6-8 | 6-8 | 6-8

P& ting trong lugng cla miu cao su, bi
anh hudng bdi chat béi tron cd trong
3 dung dich khoan trong diBu kién nung
quay & nhiét dé 130°C trong thal glan 24
gid, khong Idn hdn

% T.L

2,5 <12 <12 <1.0 <1,0 <15 <1.5

D8 truong né thé tich cla miu cao su, bi
anh hubng hoi chdt hdi tron cd trong
4 dung dich khoan trong digu kién nung
quay § nhigt df 130°C trong thii gian 24
gig, khéing Ién hon

% T.T

<0.5

Kha nang lam gidm moment ma st cla
DDXL (1% chdt boi tron)

5 G nhigt dg 25°C, khong nhd han

U nhigt dd 130°C trong 16 h, khdng nhd
hdn

o
7o
%

60.0 68 76 78 68 72 50
50,0 62 71 72 63 70 40

Gidi han thay ddi cdc thing sa: trudc va
sau khi x{ li 20 ml hoa phdm bdi tron
trong 1 lit dung dich nén & nhiét do 25°C
va 130 oG/ 16 hr

6 D nhét phéu (phéu USA), khang 16n hon
Gelyp cla dung dich x& i, khéng 16n han

giay
Ib/100f

+1 +2 +1 +2 +1 +1

)
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Thé tich I6p khong tan clia dung dich nhii
(5% (thé tich) chat bdi tron trong NKT)
7 ndi bén trén & nhigt dd 25°C, khong I6n
hon

MI

Kha ning sinh bot cha dung dich (10ml
8 chat boi tron trong 190ml NKT) & nhiét | % (TT)
dd 25°C, khdng I6n han

Phan con lai trén sang 125x125um,
9 khong Ign han

10 1,0 02 0,2 0.2 0.2 02

KET LUAN

pa t6ng hop thanh cong GO va rGO tui graphlte va
dac trung GO va rGO tao thanh bang phd IR va X-ray.
SU dung hdn hop graphene va chdt long ion 1am phy
gia cho dau bdi tron dung cho dung dich khoan thi tot
hon 1a dung riéng graphene hodc chat 16ng ion. K&t
qua nghién clu dnh huong clia ham lugng phu gia cho
thay khi pha 3% chat Iong |on chira 0,1% graphene
vao dau gdc cho higu qua giam ma sat t6t nhat. Nhu
vay, c6 thé sii dung dong thoi IL va graphene dé lam
phu gia giam ma sat cho chat bdi tron dung cho dung
dich khoan.
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PHU GIA DA NANG CHO...

IV. KET LUAN

K&t qua danh gid hiéu qua tiét kiém nhién liéu va
gidm khi thai clia xang va xang sinh hoc E5, E10 pha
phu gia da nang FNT6VN, trén dong cd xang, trén bé
thir, cho thdy khi sii dung phu gia FNT6VN v6i xang
RON 95, xdng sinh hoc E5, E10, 6 ty 18 pha tron da
khao sat, cu thé 1a 6 ti & thé tich 1/160.000, cong sudt
dong co tang trung binh 5%, sudt tiéu hao nhién ligu
gidm trung binh 8% va phat thai khi 6 nhiém HC giam
trung binh 5%, CO giam trung binh 10%, G ché& do toan
tai. Theo duting déc tinh tai § 2.600 va 5.000 vong/phit
va ché do khong tai, k&t qua thu dugc tuong duong voi
ché& do toan tai.

Poi v6i cac khi thai NO, va CO,, viéc ting miic do
phat thai cac khi nay 6 mot s6 ché dg do 1a hoan toan
phu hdp v6i mic ting cong sudt dong ca va mic giam
lugng HC phét thai.
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KET LUAN

Viée st dung phu gia khodng héa CaF, trong phoi
ligu nung clanhke Xi mang Pooc ling da cai thign mot
s0 tinh chdt cia XMP nhu: giam ham lugng voi tu do
con lai trong clanhke dat 0,64-1,14% (so v6i mau ddi
chiing ¢6 ham Iuong vhi tu do 1, 39 2,34%); giam thai
gian ninh két cla xi mang, thoi gian bat ddu dong két
47-73 pht (so vai mau doi chiing 12 90-138 phut) thoi
gian két thic dong két 57-132 phut (S0 vGi mau d0|
ching la 119-187 phat); tang do 6n dinh thé tich clia
XM dat 0,5-1,4mm (so vGi mau doi chiing dat 2,4-4,4

mm); tdng cudng do bén nén cla da XM, 6 28 ngay
tuSi dat 32,58 N/mm? G mau 0,5% CaF, va nhigt do
nung 1. 300°C (so v6i mau doi chiing dat 24,32 N/mm?).

Cudng do bén nén 28 ngay tudi clia mau xi mang
chtia phu gia khoang hoa CaF, nung & 1.300°C (dat
32,58 N/mm? 6 mau 0,5% CaF,) cao hon so v6i mau xi
mang nung & 1.400°C (dat 28,23 N/mm? & mau 0,5%
CaF,). K&t qua nay cho thay, khi st dung dua phu gla
khoang hoa CaF, vao phoi ligu nung clanhke XMP co
thé glam nhiét do nung xudng khoang 100°C. Nghlen
cliu nay da danh gia dugc kha nang st dung clia phu
gia khoang hoa CaF, trong san xudt clanhke XMP.
Nghién cliu dé xuat t|en hanh khao sat véi cac phu gia
khoang héa khéc dé tim ra loai phu gla co tac dung t6t
nhat va phi hgp v6i tiing ving mién dé phuc vu cho
san xudt XMP trong nudc.
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