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Tom tat. Qua trinh ting cuong thu hdi dau (TCTHD) nham muc dich thu hdi dau bi bay lai trong cac 16
x6p cua da via sau qua trinh khai thac so cap va tht cdp bang cach bom vao via c4c tac nhan ngoai lai.
Céc hat nano véi cac chudi polymer ghép trén bé mat duoc goi 1a cac hat nano boc polymer dugc tng
dung cho TCTHD do cai thién duoc kha ning phéan tan va d6 6n dinh cao so véi vat liéu nano théng
thuong. Trong nghién cau nay, vat liéu nano tir tinh FesOs boc copolymer (methyl methacrylate) — (2—
acrylamide —2—methyl—propanesulfonate) (MMA-co-AMPS), véi cau ndi 1a Oleic acid, dé gilp cac hat
nano 6n dinh céc tinh chat trong méi truong phan tan khac nghiét. Qua trinh tong hop nano tur tinh st
dung phuong phap dong két tua. Phuong phap vi nhii — polymer hoa duoc st dung dé tong hop 16p vé
polymer bao boc nano tir tinh. Vat liéu tong hop duoc c6 cau trdc 16i — vo phan tan tot trong méi truong
nuéc bién, dn dinh nhiét cao. Dic diém vé cau tric héa hoc, hinh théi cua vat liéu dugc khao sat bang cac
phuong phap phan tich FTIR, DLS, TEM, PXRD, VSM va TGA. C&c hat nano ¢6 kich thuéc trung binh
16nm bén nhiét, ¢ tiém nang tng dung trong TCTHD.

Tir khoa. Tang cuong thu hoi dau, nano oxit sat tir, cau truc 18i - vo, chat long nano.

SYNTHESIC AND DENATURATION OF MAGNETIC IRON OXIDE NANO
MATERIAL FOR ENHANCE OIL RECOVERY

Abstract. Enhanced oil recovery processes focus on recovering oil trapped in reservoir rocks after
primary and secondary recovery state by introducing alien agents into reservoirs. Nanoparticles grafted
with polymer onto the surface, known as polymer-coated nanoparticles (PNPs), possess better dispersity
and stability compared with nanoparticles. In this research, FesOs magnetic nanoparticles were coated
with copolymer (methyl methacrylate) — (2—acrylamide —2-methyl-propanesulfonate) (MMA-co-AMPS)
connected via oleic acid bridge, in order to stabilize nanoparticles in salinity and high-temperature
environments. Magnetic nanoparticles were synthesized by co-precipitation method. Subsequently, mini-
emulsion polymerization was carried out to fabricate polymer-coated magnetic nanoparticles. Said
material adopted core-shell structure with high dispersity and temperature-stable properties. Structure and
morphology of material were characterized by FTIR, DLS, TEM, PXRD, VSM and TGA methods.
Obtained nanoparticles with an average size of 16nm and temperature-stable could be utilized in
enhanced oil recovery processes.

Keywords: Enhance oil recovery, magnetic nano particles, core shell structure, nano fluids.

1. GIOI THIEU

Véi cac ky thuat khai thac dau khi hién nay, sau khi trai qua giai doan khai thac so cdp va thir cap trong
mo van con lai 70-75% luong dau tai chd bi bay lai trong via [1]. Do d6, ting cwong thu hoi dau
(TCTHD) tir cA&c mo dau “gia” ludn 1a mdi quan tAm cua cac chuyén gia va nhitng nha diéu hanh khai thac
mo. Tang cuong thu hdi dau 14 qué trinh bom mot tac nhan chua c6 trong via trude d6 vao via nham cai
thién mot hoic mét vai tinh chat cua cac chét luu, da via dé cai thién hé sé quét hodc hé sé day hoic ca
hai. Tir d6, dau khai thac dwoc nhiéu hon hoidc 1au hon. Cac cdng nghé ting cudng thu hdi dau dang duoc
str dung hi¢n nay méi chi co thé gitip khai thac thém dwoc 1-3% luong dau tai chd [1]. Rét nhiéu thach
thirc cho qua trinh TCTHD trong via nhu nhiét d6 cao, do muoi cao, qua trinh hap thy va gidi hap thy trén
bé mat d4 via, bé mit dinh wét dau cua da via ... Tat ca nhitng yéu té nay lam giam cap vé mat héa hoc,
giam do bén nhiét cua cac tac nhan duoc bom ép ciing nhu gy thét thoat do hap thy, dan dén hiéu qua
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TCTHD khong cao. Gan day, Vién Khoa hoc vat lieu Ung dung di tién hanh thir nghiém céng nghiép
trén hé dung dich chat hoat dong bé mat (HDBM) va polyme va thu duoc nhiéu két qua tét. Tuy nhién,
viéc sir dung cc chat HDBM c6 gia thanh cao va mirc d§ bén nhigt khong cao. O mot Iy thuyét khac, céc
hat nano phan tan on dinh véi ciu trac tuong ty cu tric keo hodc micel trong méi trudng long (nudc)
dugc goi 1a chat long nano. So vai cac hé phan tan khéc, hé phan tan cac hat nano c6 nhiing wu diém nhu
tac dong dén céc hop phan ling dong, cac tinh chét nhiét, quang hoc, co hoc, dién, lru bién, hoic tinh
tir... cua mot loai vat lidu gbe va tang cuong hiéu qua cua no [2]. Mac du khi so sanh vei cac chit HDBM
thi kha nang lam giam stc cang bé mat cua cac hat nano I thiap hon nhung chiing lai khong xay ra hién
tugng dao hap phu trén bé mat lién dién — thuan loi cho qua trinh 6n dinh nhii [3]. Viéc hinh thanh nhiy/
hé bot khi c6 su tiép xuc ctua dong luu chat chira cac chit HDBM/ hé céac hat nano va dau trong via da lam
tang d6 nhot tai bé mat tiép xdc gitra hai dong gitp cai thién hé sé linh dong. Dong thoi voi cac dic tinh
vé luu bién hoc, hé bot/ nhil gitp cai thién téc do cua qué trinh thu hoi dau.

Tiém ning (g dung céng nghé nano trong qua trinh tang cudng thu hoi dau tré thanh tim diém chl y tir
hon mét thap ky trudc [4]. Hign nay, 6 rat nhiéu nghién ctu vé ching va di cho thay duoc nhiéu két qua
thanh cong [5, 6]. Cu thé c6 kha nang thu héi duoc khoang 80-90 % luong dau ban dau [7]. Ve kha nang
cai thién h¢ s6 linh dong, Shah va Rusheet tién hanh thém 1% CuO vao hé chat long CO;, thay rang ca hai
thong sb ty trong va d6 nhét déu ting, do nhét ting 140 1an so véi chét long CO; ban dau [8]. Ngay nay,
linh vyc nghién cau cac hat nano ung dung trong tdng cuong thu héi dau chuyén sang nhiéu vat liéu méi
Al,03, MgO, Fes04. Nhiéu két qua cho thiy mot sb su két hop mang lai hiéu qua tét hon. Cu thé, trong
linh vuc ndy mot hudng nghién ctiru mai 1a tong hop cac chat long dién moi dé két hop véi vat liéu tir tinh
v6i muc tiéu ting cudng hiéu qua cia qua trinh ting cudng thu hdi dau thdng qua viéc giam stc cing bé
mit [9]. C6 nhitng wu diém vuot troi hon véi cac loai hat nano khac nhu khi phdi tron chét long nano tir
tinh v6i dong luu chat bom thi ¢ thé kiém soat hudng dich chuyén khi ap dit tir truong ngoai, kiém soat
su di chuyén ciia dong luu chat bén trong via [10]. Nhém nghién ciru cia gido su Chun Huhp thiét ké hé
thdng md phong phong thi nghiém danh gia dugc d6 bdo hoa dau du [11]. Véi dic diém mang tinh kinh té
la d& dang thu hdi va tai st dung, hé chat 16ng nano tir tinh tré thanh d¢é tai rat duoc quan tam trong linh
vuc nghién ctiru ciia nganh dau khi.

Hé chat long nano tir tinh (bao gom cac hat nano c6 kich thudc tir 1 — 100nm) véi cac hiéu tng vat 1y dic
biét ¢6 nhiéu tiém nang tng dung trong nhiéu linh vuc : héa hoc, ceramic, y sinh... Trong qué trinh ting
cuong thu hdi dau, cac hat nano FesO4 dd ching minh kha ning thay ddi tinh dinh wét cua da via, giam
strc cang bé mat lién dién dau va nuoc, dé dang thu hoi va tai sir dung. Tuy nhién, ching lai rat dé bi oxy
hoa trong mdi truong khong khi, cu thé trong moi truong khong khi am sé dé hinh thanh hén hop sit oxit
va sit oxyhydroxite. Pa c6 nhiéu nghién ciru ting d6 bén cua cac oxit st tir [12, 13]. Mét trong nhiing
cach hiéu qua nhit 1a ghép cac hat nano FesO4 vdi cac chudi polymer - con goi 1a PNPs- 1a vt lidu c6
nhitng dac tinh t6i wu hon cac hat nano théng thuong trong TCTHD bai vi chling cai thién dugc do tan va
tinh 6n dinh [14].

Trong nghién ciu nay, ching t6i tap trung vao tdng hop vat liéu nanocomposite dang 18i vo (nano FesOs
—18i, polymer —vo6) dinh huéng wng dung trong qua trinh ting cudng thu hoi dau.

2. THUC NGHIEM

2.1. Nguyén li¢u

Methyl methacrylate (MMA), 2 — acrylamide — 2 — methyl — propanesulfonate (AMPS) , sat (111) clorua
hexahydrate (FeCls.6H,0) (Merk 99-102%), st (I1) clorua tetrahydrate (FeCl.4H,0) (TQ >98%), oleic
acid (98%), ammonium persulfate ((NH4).S20g) (TQ >98%), ethanol (C2HsOH), cyclohexan (CesHi2),
span 80, ammonium hydrochloric (NH4sOH) (TQ 25-28%), oleic acid (98%), natri clorua (NaCl), canxi
clorua (CacCly), axit clohydric (HCI).

2.2. Quy trinh thuc nghiém

Téng hep nano sit tir (FesO4) boc oleic axit (OMNPS)

4,75 g FeCl3.6H,0 va 1,75 g FeCl,.4H,0 (ty 1é¢ mol 2:1) hoa tan vé&i 80 ml H,O cét di suc khi No. Cho
dung dich nay vao binh cau ba c¢6 500 ml da dugc day khi oxi. Sau d6 hdn hgp dugc khudy on dinh trong
5 phut véi toc do 300v/p va gia nhiét 1&n 80°C. Phan ung bat dau khi thém 10 ml NH4OH (28%) that
nhanh vao binh phan wng, gia nhiét hdn hop trong 2 gid. Cubi ciing, cho 1,5ml axit oleic vao hdn hop va
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gia nhiét trong 2 gio nira, san pham OMNPs thu dugc rira lai véi nudc va ethanol (ty 1é 1:1) dén khi
pH=7. Khi N, duoc suc lién tuc va hé thdng sinh han duoc st dung trong suét qua trinh téng hop [12].
Téng hop copolymer boc OMNPs

MMA — co — AMPS / OMNPs dugc tong hop bang phuong phap vi nhii — polymer hoa. Cu thé qué trinh
tong hop nhu sau:

Dung dich A bao gém 10 ml OMNPs, 20 ml nuéc cat (H20); AMPS, MMA véi ty 1é mol 13 2:1; 0,0416 g
SDS; cho vao beaker thi nhat, khudy trong 5 phdt. Dung dich B bao gdm 5 ml cyclohexan (CeHiy):
0,1427 g Span 80; cho vao beaker thtr hai, khudy trong 5 phit. Qué trinh vi nhii hoa dwoc tién hanh nhu
sau: tron 1an hai dung dich vira chuan bi, khudy nhe trong 10 phit, sau d6 dwa hdn hop nay di siéu am
trong 1 gio. Lap hé thi nghiém tuong ty nhu trong giai doan tong hop OMNPs, cho dung dich da duoc vi
nhil vao binh ba c6 250 ml, khudy nhe cho hdn hop 6n dinh trong 5 phut réi gia nhiét phan ¢ng lén 70°C.
Khi nhiét d6 6n dinh tiép tuc cho chat khoi mao (NH,)2S.0s (5% mmonome) tirng giot vao phan ting va
bit dau qué trinh polyme hoé. Sau 6 gid tong hop, san pham dugc thu hdi bang nam cham, rira lai va phan
tan trong nudc. Trong sudt thoi gian tong hop, ludn giir cho phan tng trong méi trudng tro (suc khi Ny),
nhiét do va toc do khudy ludn giir 6n dinh.

2.3. Cac phuong phap phéan tich hoa ly

Cac thiét bi hd trg cho qué trinh tong hop vat liéu dugc st dung trong nghién ciu nhu: Ultrasonic
Hielscher UP 100H, may siéu am Powersonic 603 — Hwashin technology, tu siy, may quay ly tam
Hermle Z206A, Ampule ACE GLASS Inc, thiét bi & nhiét.

Vit liéu sau khi tong hop s& duoc danh gia cac tinh chét hoé |y dua vao cac phuong phap phan tich nhu:
FTIR (Fourier transform infrared spectroscopy) — thiét bi BRUKER — TENSOR 27, TGA (Thermo
gravimetric analysis) — thiét bi Malvern Zetasizer Ver. 6.20, TEM (Transmission Electron Microscopy) —
thiét bi hién vi JEM — 1400, VSM (Vibrating sample magnetometer) — thiét bi MicroSense Version
9.13L, DLS (dynamic light scattering) — SZ — 100.

2.4. Cac phuong phap danh gia kha ning TCTHD

Céc thiét bi hd tro danh gia kha ning TCTHD st dung trong nghién ctru nhu: Tensiometer Temco 500
Instrument- Thiét bj do strc cing bé mit.

3. KET QUA VA BAN LUAN
3.1. Tinh chét héa Iy ciia vat ligu
3.1.1. Két qua do FTIR
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) Hinh 1. Két qua pho IR ciia OMNPs (a), Copolymer MMA-AMPS (b), PMNPs (c).
Két qua FTIR ¢ hinh 1 cho thay sy hién dién caa AMPS-MMA trén bé mat OMNPs. O vung song
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582 cm biéu hién su tdn tai lién két Fe- O trong cu tric FesO, . O c4c ving séng 659, 1099, 1250 va
3200 -3500 cm™ 1a dic trung cua cac lién két S-O, C-S, S = O, va -NH-, nghia 1a c¢6 sy xuét hién cua
AMPS . Hon nira, Su rung dong caa nhdm CHs, CHy, va -COONa trong MMA da dugc quan sat rd rang
tai cac ving song 1389- 2956, 1502 va 1567 -1385 cm L. Ngoai ra, cac dai hip thu ¢ 1747 va 1196 cm'*
tuong &ng Voi cac rung dong cua nhém cachonyl (C = O) va C-O-C, cho thiy axit oleic phi 1&én bé mit
MNPs. Do d6, phd FT-IR thé hién tat ca céc tin hiéu thanh phan trong cau tric vo 16i cia FesO, va co-
polymer AMPS-MMA.

3.1.2. Két qua do DLS
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Hinh 2. Gian @ DLS vat liéu PMNPs phén tan trong méi trudng nuéc bién.

Hinh 2 thé hién két qua vé do phan tan va kich thuéc thuy dong hoc cua vat liéu PMNPs nho thiét bi do
DLS. C6 thé thiy dang phan bé cua vat liéu déu c6 tinh chat chung 1a can bang ddi xtimg, dinh hep va day
rong, chi sé Pl 1a 0.337 cho thay sy phan bé céc hat kha dong déu trong pham vi hep. M6t phan ching to
dugc nude bién ciing 1a mot dung méi tot cho sw phan tan caa PMNPs. Kich thudc thity dong hoc trung
binh caa PMNPs tong hop dugc 1a 120.2 nm. Tuy nhién, ching ta biét rang phép do DLS chi cho két qua
kich thudc thiy dong hoc, tirc bén ngoai bé mat hat con c6 16p solvate bao boc nén kich thuéc thuc té caa
hat s& nho hon kich thuéc trong DLS nhiéu, tir d6 c6 thé khang dinh PMNPs c6 kich thude dugi 100 nm,
dam bao kich thudc nano.

3.1.3. Két qua TEM

OMNPs.002

Hinh 3. Két qua anh TEM caa OMNPs (a) va PMNPs
Két qua anh TEM & hinh 3Error! Reference source not found. cua vét lisu OMNPs va PMNPs thé hién

céc hat nano c6 dang hinh cau, cu tric dac, kich thuéc nam trong khoang 12 nm — 17 nm va 15-19nm.
Anh TEM cua vat liéu PMNPs cho thay do phan tan kha dong déu do OMNPs da dugc boc 16p vo
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copolyme bén ngoai, gilp ching 6 on dinh tét hon trong moi | truong phén tan. Nhu vay co thé két luan rang
ca 2 vat liéu tong hop dugc déu dat kich thuéc nano va nam dudi gisi han siéu thuan tir va don domain
nhu cac nghién ciru trude day [15, 16].

3.1.4. Két qua VSM

emu/g

=15000 -10000 -5000 R 5000 10000 15000

— OMNPs

—— POMNPs

Hinh 4. Buong cong tir hoA OMNPs va PMNPs

Trén hinh 4 thé hién két qua do tur tinh cua hat nano FesO4 va vat liéu PMNPs. Cy thé gia tri Ms=58
emug™ dbi voi vat lisu OMNPs va Ms = 50 emug™ twong (ng véi vat liéu PMNPs, bé hon gia tri Ms cia
vt liu khéi Fes04 (92 emug- 1). C4 thé thay vat lidu PMNPs sau qué trinh tong hop lam giam giéa tri tir 46
bdo hoa cuia OMNPs xudng, diéu nay co thé ly giai 1a do c6 PMNPs c6 gan copolymer 1a MMA — co —
AMPS lam ting trong luong phan tir cua vat liéu, do d6 vai cting khdi lwong nhung lugng FesO4 1a it hon
nén do tir tinh s& thap hon. Két qua khao sét ciing cho thy vat liéu gan nhu khong xuét hién hién tuong tir
tré, cac duong cong ciing thé hién tinh d6i ximng cao. Nhu vay, PMNPs tong hop c6 tinh chat siéu thuan
tir. VA véi gia tri tir do thu dwoc, PMNPs van cé thé duogc tach loai nho 4p mot tir trudng ngoai caa nam
cham vao khi duoc phan tan trong chat 1ong, tir d6 c6 thé thu hdi dé dang.

3.1.5. Két qua do phan tich nhiét trong lwrong TGA
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Hinh 5. Két qua do TGA ctia PMNPs.
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Hinh 5 1a két qua phan tich TGA ciia PMNPs cho thdy c6 ba giai doan c6 su sut giam vé khéi luong. Giai
doan thu nhét 1a trong khoang nhiét do 200 — 250°C, AMPS mit khoang 10% vé khéi lwong trong ciu
trdc cia POMNPS. Giai doan thtr hai | trong khoang nhiét d6 tir 350 — 500°C ¢6 sy that thoat vé khéi
luong cia MMA dugc tinh toan vao khoang 10% cua PMNPs. Va giai doan cudi cling, & khoang trén
500°C la sy phan huy cua FesOs. Két qua ndy da cho thiy dugc kha nang on dinh & nhiét d6 cao cua mau
tong hop
3.2. Két qua khao sat tiém niing ng dung cia PMNPs trong TCTHD
3.2.1. Két ‘qua khdo sat sire cing bé mit
Bang 1 thé hién stc cang bé mat cua cac mau khao sat. Két qua cho thay rang, khi giam nong d6 cuaa chét
HDBM thi gia tri stc cing bé mat giira dau thd va hdn hgp PMNPs — HDBM — nuéc bién ting 1én. Diéu
d6 chiing to ring HPBM quyét dinh dén gi4 tri SCBM nhiéu hon so véi PMNPs, da duoc chitng minh
[10]. Ngoai ra, mau PMNPs — nuéc bién -2000ppm dau thd cho gi4 tri bé hon gi4 tri ciia nudc bién/dau
tho (17,6737 < 19,1401) ciing ching minh dugc kha ning giam sic ciang bé mat dau cua chiing mac du

khéng tot nhu HDBM.
Bang 1 : Két qua do SCBM giita dau thd va hdn hop (nudc bién — HDBM — PMNPs).
So véi .. .
STT MAu SCBM | wéc bign | GlAM so Vi
(dynes/cm) (I1an) nwoc bien(%)
1 Dau thd — nudc bién 19,1401 100
) Dau thd — (HPBM/PMNPs/nuéc bien 1000 — 0 0.3898 49,0083
ppm) -97.96

Dau thd — (HPBM/PMNPs/nudc bién 800 — 200

3 opm) 0,4866 39,3359 | -97.45
4 | Dautho- (HBBM/PI\F/)I;\IrrI]’)s/nuc’rC bién 600 — 400 09617 19903 | -94.97
g | Dautho— (HBBM/PI\F/)IE)\IrTI]’)s/nuéC bicn 200 — 800 48808 39125 | -745
¢ | Dauthd- (HBBM/Pl;/g;InI;s/nuc'yc bién 0 — 1000 17,6737 X 768

3.2.2. Két qua khao sat d9 bén nhigt

Sau 7 ngay u nhiét & 95°C, chi ¢ mau (HDBM/PMNPs/nuéc bién 800 — 200 ppm) Ia khong bi sa ling.
Tlep tuc 1 tiép, sau 25 ngay thi mau van khong c6 hién tugng sa lang (Hinh 6) cho thay do bén nhiét cua
hdn hop nay la cao va on dinh.

On dinh & nhiét d6 cao 13 mét trong nhirng yéu té quan trong khi tng dung PMNPs trong méi truong via.
Vi la vt ligu vo co, néu khong bén trong méi truong khac nghiét thi cd thé giam higu qua khai thac dau
ddng thoi gy tic via. Do vay, day 1a mot yéu té co ban dé khang dinh duogc tiém ning wng dung cua
chang trong TCTHD.

Hinh 6. Hon hop (HPBM/PMNPs/niréc bién 800 — 200 ppm) sau 25 ngay # nhiét
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Nhu vay, dua vao két qua do SCBM gitta dau thd va hdn hop ( HDBM/PMNPs/Nudc bién) va két qua
qua trinh u nhiét dudi diéu kién via cho thiy riang ty & dau thd — (HPBM/PMNPs/nuéc bién 800 — 200
ppm) la thich hop dé wng dung lam nuéc bom ép sir dung trong TCTHD.

3.2.3. Két qua thu héi va tai sir dung vat liéu

Lugng PMNPs dem di pha cac hdn hop cho qué trinh u nhiét 1a 0,048 g, sau khi & nhiét luong thu hoi
dem di cén 13 0,03 g. Hiéu suét thu hoi 1a 62.5%. Tai phan tan tro lai nuéc bién, vat liéu van phan tan
thanh hé chat 16ng nano nhu ban dau & hinh 7.

Hinh 7. Tai phan tan PMNPs thu hdi sau 25 ngay u nhiét.

4. KET LUAN

Trong nghién ciu nay, chiing toi da tong hop thanh cong vat liéu nano axit oleic — Fes04 (OMNPS) bang
phuong phép ddng két tia, thu dwoc vat liéu co kich thude trung binh 14nm. Gia tri tir &6 Ms = 58 emul/g.
Ngoai ra mot nano composite cua MNPs boc bai co-polymer AMPS-MMA duoc tong hop bang phuong
phap vi nhii- polymer hda véi sy ¢ mat cia natri dodecyl sunfate dugc goi 1a PMNPs ciing duoc tong
hop thanh cong. Cac dac trung hoa ly nhu XRD, FT-IR, DLS, TEM, SEM, TGA va VSM xac nhan cau
trac 16i (MNPS) - vo ( polymer) ctia PMNPs thu dugc. Kich thudc trung binh caa PMNPs la 16nm, gia tri
tr d Ms = 50 emu/g. M hinh ciu trdc 16i vo cua vat lidu 1a nguyén nhan cua sy suy giam tir d6 cua
PMNPs. Vit liéu thé hién sy 6n dinh trong méi truong nudc bién, 6n dinh & nhiét d6 95°C. C6 anh hudéng
dén gia tri strc cing bé mat gitra dau va nudc, thé hién tiém ning kinh té théng qua viéc khao sat kha ning
thu hoi va tai st dung.

LOI CAM ON

Nhom tac gia xin cam on su hd trg kinh phi tir Truong Pai hoc Cong nghiép Tp.HCM théng qua dé tai
cip Trudong mé s6171.4111. Pdng thai cam on ban chu nhiém khoa Céng nghé Hoa hoc truong Pai hoc
Cong nghiép Tp.HCM; Phong thi nghiém vat liéu nano - Vién khoa hoc V4t liéu ung dung da hd tro dé
ching t6i hoan thanh nghién ctu nay.
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