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LOT CAM DOAN

T6i xin cam doan luan an: "Nghién ctu tong hop vat liéu nano tir tinh boc
polymer va vit liéu graphene oxide két hop polymer AM-NVP/AM-PVP dinh huéng
ing dung trong ting cudng thu hdi dau tai céc via dau xa bd nhiét do cao" 1a cong
trinh nghién ctu ctia chinh minh dudi sy huéng dan khoa hoc cua tap thé huéng dan.
Ludn &n st dung thdng tin trich dan tir nhiéu ngudn tham khao khac nhau va cac thdng
tin trich dan duoc ghi rd ngudn géc. Céc két qua nghién ctu cua toi duoc cong bd
chung vai céc tac gia khac di duoc su nhat tri cua ddng tac gia khi dua vao ludn an.
Cac s6 liéu, két qua duoc trinh bay trong luan an 1a hoan toan trung thuc va chua ting
dugc cong bd trong bat ky mot cong trinh nao khac ngoai cac cong trinh cong bé cua
tac gia. Luan an dugc hoan thanh trong thoi gian téi lam nghién ctru sinh tai Hoc vién

Khoa hoc va Cdng ngh¢, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

Tac gia luan an

Nguyén Thi Liéu



LOI CAM ON

Loi dau tién, toi xin bay to 1ong biét on siu sic téi PGS.TS. Nguyén Phuong
Tung va TS. Nguyén Hoang Duy, nhitng ngudi Thay di danh cho toi sy dong vién
gitip d& tan tinh va nhirmg dinh hudng khoa hoc hiéu qua trong subt qua trinh thuc
hién luan 4n nay. Pac biét t6i giri 10 cam on chan thanh nhat dén c6 gido PGS.TS.
Nguyén Phuong Tung ngoai viéc huéng dan, dong vién tdi cd con thong cam va gitip
t61 vurot qua rat nhiéu bién cb dé hoan thanh cudn luan an nay. Ngoai ra, toi ciing giri
161 cam on tdi ThS. Hoang Anh Quan, k¥ su Pham Duy Khanh- Vién khoa hoc Vit
liu tmg dung, trong sudt qua trinh 1am luan 4n di giup d t6i rat nhiéu. Xin gui 1oi
cam on toi tit ca cac ban sinh vién lam khoa luan t6t nghiép véi toi da hd tro mot
phan thuc nghiém trong luan an nay.

T61 xin cadm on su giup do va tao diéu kién thuén loi cia Ban Léanh dao, phong
DPao tao, cac phong churc nang ctia Hoc vién Khoa hoc va Cong ngh¢ trong qua trinh
thuc hién luan an.

To1 xin cam on sy gitp do va tao diéu kién thuén lgi cua Vién Khoa hoc Vat
liéu Ung dung ddi vai toi trong qua trinh thyc hién luén an.

Toi1 xin cam on sy giup do va tao diéu kién thuan lgi cua Ban lanh dao Khoa
Cong nghé Hoa hoc, truong Pai hoc Cong nghiép TpHCM va cia truong DH cong
nghiép Tp.HCM ddi véi toi trong subt qua trinh thyc hién luan an.

Sau cuing, toi xin cam on va thuc su khong thé quén duogc sy gitp d& tan tinh
cua cac théy co, ban be va su dong vién, tao diéu kién cta nhirng nguoi than trong

gia dinh trong sudt qua trinh t6i hoan thanh luan 4n nay.

Tac gia luan an

Nguyén Thi Liéu
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Tir viét tat Tir viét ddy da
TCTHD Tang cuong thu hoi dau
HSTHD Hiéu suét thu hoi dau
HDPBM Hoat dong bé mit
NPs Nanoparticles
MNPs Magnetic nanoparticles (cac hat nano tur tinh)
OMNPs Oleic -coated Magnetic nanoparticles
Hat nano Fe304 boc bai oleic acid)
PMNPs Polymer-coated magnetic nanoparticles
(Copolymer NVP — co — AM boc OMNPs)
PMNPs A Polymer-coated magnetic nanoparticles A
(Copolymer NVP —co — AM boc OMNPs) OMNPs dugc tong
hop theo phuong phap dong ket taa
PMNPs B Polymer-coated magnetic nanoparticles B
(Copolymer NVP — co — AM boc OMNPs) OMNPs duoc tong
hop theo phuong phap thuy nhiét
IFT Interfacial tension - Strc cing bé mit
NVP N-vinylpyrrolidone
AM Acrylamide
SDS Sodium dodecyl sulfate
XRD X-ray diffraction- Nhiéu xa tia X
VSM Vibrating sample magnetometer (Phép do tir ké mau rung)
FTIR Fourier transfer infrared (Phép do quang phd hong ngoai)
GPC Gel permeation chromatography (Phép do sic ky Gel)
DLS Phép do tan xa anh sang dong hoc
SEM Scanning electron microscope (Kinh hién vi dién tir quét)
SEM-EDX Scanning electron microscopy with energy-dispersive X-ray
spectroscopy
TEM Transmission electron microscope (Kinh hién vi dién tir truyén
qua)
TGA Thermogravimetric analysis (Phép do phan tich nhiét trong
luong)
P(AM-NVP) Poly(acrylamide-N-vinylpyrrolidone) copolymers
PVP Polyvinylpyrrolidone
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GO Graphen oxide
P(AM-PVP) Poly(acrylamide-plyvinylpyrrolidone) copolymers
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Ning luong 1a mot trong nhitng yéu té quyét dinh sy phét trién kinh té, doi
séng cua x& hoi loai nguoi. Viée dap tng nhu cau vé nang luong ludn 12 mdi quan
tam hang dau trong sy nghiép phat trién kinh té hién nay. Ching ta khong thé bac bo
mét thuc té rang cong nghé hién dai dang hudng téi ngudn ning luong tai tao. Tuy
nhién, muc tiéu thu nang lugng dugc du doan 14 sé ting 50 % vao nam 2030 va néu
chi riéng ning luong tai tao khdng thé dap tmg du. Theo thong tin du bao ning luong
Hoa Ky thi nang lugng hda thach van s& 14 ngudn ning luong chu yéu trong vai thap
ky t6i [1].

Bén canh d6, dau khi 12 ngudn nguyén liéu vé ciing quan trong cho cng nghiép
hoa hoc. Do d6 khai thac dau khi hiéu qua va bén viing ludn 1a nhiém vy tién quyét
cua nganh cong nghiép dau khi. Tuy nhién, thoi ky kham pha ra cac mo dau 16n, gia
ré da qua va phan I6n cac mo dau trén thé gidi va dac biét ¢ Viét Nam di qua giai
doan khai thac dinh cao va san lugng da sut giam. Vai cac ki thuat khai thac dau khi
hién nay, thong thudng sau giai doan khai thac so cap va thir cap, con mot lugng dau
rat Ion (khoang 70 % trit luong dau cua co thé khai thac cua via) luu lai trong cau tric
x6p, nit né cua da via. O Viét Nam sau thoi gian dai khai thac cac mo dau Ién cua
Viét Nam nhu mo Bach Ho, Rang Pong, Su Tt Pen da di vao giai doan suy giam san
lwong ciing voi d6 1a 6 ngap nude ting cao tai nhiéu giéng khai thac dong thoi xuat
hién cé4c hién tuong phic tap nhu: sa ling mudi, hinh thanh paraffine hay xuat hién
cat trong long giéng 1am giam kha niang khai thac ciia giéng. Ngoai ra, viéc khai thac
c4c mo dau cang tro nén kho khan do cac via dau ngoai khoi c6 nhiét d6 cao, nudc
bién c6 d6 man va do cang cao. Viéc nghién ciru cac giai phap kiém ché da suy giam
san luong, cai thién hiéu qua khai thac va gia ting hé sb thu hdi dau di voi cac mo
dau khi hién nay la nhiém vu cap thiét.

Quaé trinh tang cudng thu hdi dau (TCTHD) nham thu hdi mét luong dau bi
bay lai trong via sau giai doan khai thac so cap va thir cap. Phuong phap khai thac
thir cap thuong duoc 4p dung 13 bom nudc vao cac giéng bom ép dé duy tri ap luc
via cao hon 4p lyc tach khi va quét cac doi dau dén giéng khai thac. Cac phuong phap
TCTHD hoa hoc 1a dua vao via c4c tdc nhan ngoai lai nham cai thién mot sé tinh chat
cua c4c chat luu, d4 via dé cai thién hé sb quét hoic hé sé day hoic ca hai, tir d6 dau

thu hdi duoc nhiéu hon. Cac cdng nghé ting cuong thu hdi dau dang dugc sir dung
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hién nay méi chi co thé khai thac thém duoc 1-3 % luong dau tai chd. Do ¢6 rat nhiéu

thach thac cho qué trinh TCTHD trong via nhu nhiét do cao, d6 mudi cao, quéa trinh
hap phu va giai hap phu trén bé mat da via, tinh dinh wot dau cua da via,... Tat ca
nhitng yéu té nay 1am giam cip vé mit hda hoc, giam d6 bén nhiét cua cac tac nhan
dugce bom ép ciing nhu do hap phy, dan dén hiéu qua TCTHD khéng cao.

Véi viéc khai thac gan day tai cAc via chira dau ¢ sau hon va néng hon. Nhu
cau cap thiét da dat ra 12 cac vat liéu bom ép nhat 1 doi véi cac polymer phai cd thé
chiu dwoc nhiét d6 cao hon (1én téi 120 °C) ciing nhu do mudi va do cang cua nudc
bién cao hon, dic biét dbi v4i cac nguon nude ngoai khoi. Trong dé co cac via
Miocene va Oligocene — mot trong nhitng d6i twong san xuat dau thiét yéu khdng chi
& Viét Nam ma con ¢ Bong Nam A.

Céc ky thuat TCTHD thong thuong (phuong phap tiép can bang vi khuan,
phuong phap phun khi, phuong phap nhiét...) c6 thé gap nhitng kho khan dang ké
chang han nhu su vot sém cua chat 1ong bom ép tai cac giéng san xuat va van dé lai
mét lwong 16n dau chwa duoc thu hdi [2]. Cac phuong phap TCTHD héa hoc di duoc
nghién ctiu trong vai thap ky gan day bao gom phuong phap bom chat kiém, bom ép
polymer va chat hoat dong bé mat. Ching duoc sir dung cho TCTHD do lam thay doi
strc cang bé mat (SCBM), tinh dinh w6t va ty sb linh dong. Tuy nhién cic phuong
phép nay chi phi cao hodc 1am hu hai cac ho chira. Ngoai ra muc tiéu thu lwong hoa
chat cao chua ké viéc chling bi that thoat ciing 1a nhitng thach thirc ciia phuong phap
nay [3]. Do d6, mot ky thuat méi cia TCTHD véi muc chi phi thap, hiéu qua cao,
than thién voi méi trudng can duoc phat trién. Dé dap tng yéu cau nay, bom ép chit
long nano la mét trong nhimg budc dot pha trong TCTHD. Céc co ché chinh cia qua
trinh TCTHD bing chit léng nano dugc néu bat trong luan an nay d6 1 sy thay doi
ty s6 linh dong, thay d6i tinh dinh wét, 1am giam stc cang bé mat [4], [5], [6].

Dua trén céc tinh chat dic biét cua chét long nano trong TCTHD chiing t6i da
tién hanh tong vat liéu nano oxit sat tir boc polymer va vat liéu GO-Polymer dé lam
chat long nano @ng dung trong TCTHD tai c4c via xa bd co diéu kién khic nghiét

(nhu 4p suét cao, nhiét d6 cao, nude bom ép c6 d6 mudi va do cing cao).



1. Muc tiéu nghién ctru cia luan an

1.1. Muc tiéu téng quan

Nghién ctru tong hop chat 1ong nano c6 kha nang tng dung trong TCTHD tai

cac via xa bo nhiét do cao.

1.2. Muc tiéu cu thé

Tong hop vat liéu nano oxit sat tir boc polymer (PMNPs) va vt liéu GO-

Polymer (GO-P(AM-NVP), GO-P(AM-PVP) dinh hudng tng dung trong TCTHD

tai cac via Miocene va Oligocene thuoc mo Bach Ho, Viét Nam.

2. Céac ndi dung nghién ciru chinh caa luan an

2.1. Nghién cizu téng hep vat ligu nano oxit sdt tir bec polymer (PMNPS)

Nghién ctru tong hop vat liéu nano oxit sat tir bang phuong phap dong két tua va
phuong phéap thay nhiét. Bién tinh vat liéu nano oxit sat tir bang polymer AM-
NVP tao PMNPs.

Nghién ciru téi uu hoa cac diéu kién phan ting polymer hoa nhu nhiét do, thoi gian
phan tmg dé thu duoc ham luong polymer boc vao vat liéu nano oxit sat tir 1a cao
nhat.

Nghién ctru c4c dic trung hoa 1y cua vat liéu nano oxit sit tir boc polymer .
Panh gia d6 on dinh nhiét, 6n dinh hoa hoc cua hé chat 16ng nano oxit sat tir boc
polymer & diéu kién via Miocene va Oligocene mo Bach Ho.

Danh gia kha ning thay ddi tinh dinh w6t cua d4 via va giam SCBM cua chét long

nano oxit sat tir boc polymer @ng dung trong TCTHD.

2.2. Nghién cizu tong hep vit ligu nano GO-Polymer dudi tac dung tia gama

Nghién ciru téi wu hoa cac diéu kién cua qué trinh copolymer hda nhu ti 1¢ mol
giita c&c monomer va nong d6 monomer dé thu dwgc dé nhét copolymer phal hop.
Nghién ctru tong hop copolymer bén nhiét AM-NVP dudi tac dong chiéu xa truc
tiép tia gamma va copolymer AM-PVP theo phuong phéap polymer hoa ghép AM
Ién mang PVP chiéu xa truge & diéu kién tdi uu.

Nghién ctru tong hop vat liéu nano GO- Polymer.

Nghién ctru dac trung hoéa 1y cua vat liéu GO-Polymer.

Pénh gia d6 6n dinh nhiét, 6n dinh hda hoc cua vat liéu nano GO-Polymer dugc
phan tan trong nuéc bién & diéu kién nhiét do via Miocene, Oligocene mé Bach

Hé dinh hudng ang dung trong TCTHD.
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3. Y nghia khoa hoc, thuc tién

% Y nghia khoa hoc: Téng hop thanh cdng vt liéu nano tir tinh PMNPs méi va GO-
P(AM-NVP), GO-P(AM-PVP) méi cé kha ning chiu dugc nhiét d cao, o mudi do
clrng cao cua nudc bién tai cdc mo dau xa bd. Bén canh do6, viéc khao sat cac diéu
kién tdng hop tdi wu cac vat lisu PMNPs, GO-P(AM-NVP), GO-P(AM-PVP) va sit
dung phuong phap téng hop chiéu xa trudc tia gamma dé tong hop GO-P(AM-PVP)
la nhitng déng goép méi vé mit khoa hoc trong linh vuc TCTHD.

% Y nghia thuc tién:

Viéc tim kiém cac giai phap phd hop dé TCTHD tng dung cho tang Miocene
va Oligocene mé Bach Ho 1a mot yéu cau cap thiét cia XNLD Vietsopetro va ciing
la nhiém vu quan trong caa cong nghiép khai thac dau khi nudc ta hién nay. Ngoai ra,
nhiéu mo dau xa bo cua Viét Nam dang khai thac ¢ diéu kién khac nghiét nhu nhiét
d6 cao, d6 mudi va do cting cao can phai dau tu ap dung cdng nghé TCTHD. Vi vay,
nghién ctru thanh cong giai phap cho TCTHD mo Bach Ho sé la tién dé thuan loi dé
phat trién @ng dung cho cac mo khéc tai thém luc dia Viét Nam va trong khu vuc
trong nhirng nam sap toi. Luan an da tong hop dugc cac hé vat lidu dung lam chat
bom ép trong TCTHD va khéo sat cac diéu kién @ng dung vao thuc té véi cac diéu
kién gia dinh cia tang Miocene va Oligocene mé Bach Ho dat duoc nhiing két qua
kha quan.

4. Tinh méi cia luan an
Luan an di téng hop thanh cdng ba hé vat liéu nano mai:
> Tong hop thanh cong vt liéu nano oxit sat tir boc polymer AM-PVP (PMNPSs)
bang phuong phap dong két tia va phuong phap thuy nhiét két hop véi vi nhii;
> Tong hop thanh cdng vat lidu nano GO-P(AM-NVP) bang phuong phap chiéu
Xa tryc tiép tia gama gidp cho san pham tao ra c6 do tinh khiét cao, dé gia ting
quy mo san xuat, d& kiém soat va diéu chinh quéa trinh san xuat;
> Tong hop thanh cong vat liéu nano GO-P(AM-PVP) bing phuong phap chiéu

Xa trugc tia gama. Diéu ndy thuan tién cho viéc tong vat liéu ngay tai gian

khoan khai thac, giam gia thanh van chuyén mang lai hiéu qua kinh té.

Ngoai ra, luan 4n d3 nghién ciu dugc diéu kién toi wu cho cac phan tng polymer
hoa str dung quy hoach thuc nghiém va phan mém Star Graphics. Vai trd caa AM-
NVP va AM-PVP ciing dugc 1am sang té thong qua nghién ctru co ché tang cuong
thu hoi dau.
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Ca ba hé vat lidu c6 do bén nhiét va 6n dinh héa hoc cao gop phan phét trién

thém vat liéu nano méi trong TCTHD vai hiéu suat thu hdi dau cao trong méi trudng

khic nghiét cua via (d6 cing, d6 mudi cia nude bién cao).



CHUONG 1. TONG QUAN

1.1. Ting cwong thu hdi dau

1.1.1. Tong quan vé qué trinh ting cwdong thu hdi dau

Véi céc ky thuat khai thac dau khi hién nay, thong thuong sau giai doan khai
thac so cap va tha cap, con mot lwgng dau rat 16n khoang 70-75% luu lai trong cau
trdc xop, nit né cua da via [7]. Nhung viéc thu hdi né ludn 1a mot nhiém vu vé ciing
kho khin. Trong giai doan khai thac dau so cAp va thtr cip, dau dich chuyén trong via
va dua 1én bé mat chu yéu dua vao ning luong noi tai cua via hodc/va bd sung tir bén
ngoai vao bang cac ky thuat, cong nghé khai thac dau khdng qua phuc tap nén duoc
goi 1a thu hdi dau thong thuang (COR)[8].

Sau thoi gian bom ép nude, luong dau dudi via bi giam dan dén viéc dung ap
luc nuée dé day dau 1&n khdng con tac dung. Khi d6 phan l6n nuéc duge bom xudng
s& nam lai & day giéng trong khi dau van con mac ket trong nhirng khe d4 hoic bam
vao da [9].

Vi vay, dé cd thé tiép tuc khai thac va thu hdi dau, can dua vao via dau cac tac
nhan ngoai lai chua c6 trong via nham thay d6i dac tinh cta luu chat va da via, nhu
lam giam céc luc gitr dau trong cac 15 rdng cua da via ciing nhu thay d6i tinh dinh
uot cua da; giam st cang bé mat lién dién gitra hai pha dau — nudc; giam do nhét
cua dau va/hoic ting do nhot cua dung dich bom ép,... Cac phuong phap duoc st
dung trong giai doan nay nhu phuong phap bom ép chat hoat dong bé mit, bom ép
polymer hay bom ép chat long nano duoc goi 1a giai doan khai thac tam cap (bac ba),
thuong duoc biét dén véi tén goi 13 giai doan ting cuong thu hdi dau (TCTHD). Giai
doan nay giup ting tinh linh dong cua dau dé tang san luong khai théc.

1.1.2. Cac phwong phap TCTHD

T4t ca cac phuong phap TCTHD duoc nghién ciru déu nhim muc dich dé ting
luc mao dan. Hinh 1.1 thé hién nguyén 1y chung cua cac phuong phap TCTHD bao
gdm ca phuong phap vat 1y va hoa hoc. Mot trong nhiing phuong phap thu héi dau
kha hiéu qua 1a phuong phép sir dung chat Iong nano 1am chat bom ép bom vao trong
via nham giam strc cang bé mit lién dién ciia dau va nude va 1am thay doi tinh dinh

udt cua da via.
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Hinh 1.1 Nguyén Iy chung cdac phuwong phdap TCTHD [10]

Céc k¥ thuat ting cuong thu hoi dau ¢ thé duoc phan thanh 2 phuong phép:
phuong phép vat ly (phuong phép nhi¢t) va phuong phap hoa hoc. Cac phuong phap
nay lam giam cac lyc giir dau & trong 16 rdng, xop cua via da, 1am giam strc cang bé
mat lién dién gitta hai pha dau va nuéc hoic lam giam do nhét cua dau, ting do nhét
cua dung dich bom ép hoic thay di cac dic tinh cua via dau dé c6 thé dé& dang dugc
khai thac hon [1].

Phuong phap vét ly bao gom bom khi va bom nhiét. Bom khi (c6 thé sir dung
cac loai khi c6 thé tron 1an nhu khi CO2, khi tu nhién hoic N2) vao trong bé chia dé
giam strc cang bé mit (SCBM) giira dau va nudc. Trong phuong phap nay, luu chat
bom thudng nhanh chong chay x6i qua cac khbi da xop bén trong via va bo qua hau
hét cac lugng dau c6 tai d6 do ty 1¢ linh dong (quyét dinh bai do tham thau va do nhét
cua luu chat khi so véi cua dau) khong phu hop. Nhuoc diém cua phuong phap nay
la phy thudc nhiéu vao &p suat, nhiét do cua via dau va thanh phan dau thd [11].

Bom nhiét bao gdm bom hoi tuan hoan, hoi nuée va dét chay. Phuong phap
nay 1am nong dau thd trong qua trinh hinh thanh dé giam SCBM va tang tinh tham
cua dau. Chi phi cao nhung lai khong an toan 1a nhiing han ché cua phuong phéap nay
[71[12].

Phuong phap hoa hoc bao gdm dung chit hoat dong bé mit (HPBM), dung
polymer hoic t6 hop. Céac chat HDBM va polymer duoc st dung dé hd tro tinh di
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chuyén va giam SCBM lién dién giira hai pha dau va nudc va lam ting do nhot cua

dung dich bom ép, nhd d6 cho phép thu hdi thém dau tir via chita. Ung dung cua
phuong phap nay thuong bi han ché bai chi phi cao cua hda chat, sy that thoat va hap
phu cta chung 1én da via. Ngoai ra, phwong phap bom chat HDBM c6 thé bj giam
tinh hoa hoc do bi két tua 1am bit kin céc 16 rong, kho kiém soat cac phan tng va su
phan tan cua chit kiém trong via, khé khéng ché SCBM ciing nhu céc thong sb
khéc trong diéu kién khic nghiét véi nhiét 6 va ap suét cao cua via. Hon nita, nudc
mubi c6 do cling nude cao va dd nhét cua dau twong d6i cao dan dén kha ning mai
mon cua khdi da ngin cac tai dau/khi va that thoat luu chat bom khi chay qua c4c via
chua 1 nhitng han ché caa phuong phap nay [10].

O Viét Nam da ap dung mot s6 bién phap nang cao thu hoi dau: bom ép thir
nghiém chét hoat dong bé mat [13], vi sinh [14], héa Iy tai d6i twong cét két mo Bach
Ho. Bong thoi céc chuyén gia cia PetroVietNam dang nghién ciru cac bién phap nang
cao thu hoi dau: phan tich va nghién ctu kha ning bom ép CO, cho d6i tuong cat két
moé Rang Pong; Hiéu qua cai thién hé sb thu hoi dau qua viéc gia tang san lugng dau
khai thac dudi tac dong to hop cua anh hudng cai thién duy tri &p suat via, hé s6 quét;
bom ép polymer cho dbi tugng cat két mo Bach Ho [9]; bom ép nudc va khi
hydrocarbon luan phién ting Miocene mé Bach Ho, mo Rang Pong[15]... Tuy nhién,
c4c bién phéap néu trén khong thé ap dung dai tra ma chi 4p dung céc moé co trix lwong
dau con tuong d6i 16n; con cac mo dang khai thac giai doan suy giam san luong; cac
tang nhu: Miocene, Oligocene, Méng ciia moé Bach Ho thi cac phuong phap trén
khong dat hiéu qua. Ngoai ra, han ché ciia cac phuong phap trén ham luong nuéc
trong san pham khai thac sé tang 1én do cac giéng bi ngap nudéc.

Gan day, Vién Khoa hoc vat liéu Ung dung két hop véi lién doanh Vietsopetro
d3 tién hanh thir nghiém codng nghiép hé dung dich HPBM va polymer di thu duoc
nhiéu két qua tt, hé 10% chat HDBM c6 thé lam giam SCBM 122 lan so véi nudc
bién [16]. Ngoai ra, Vién Khoa hoc vat liéu Ung dung ciing da nghién ctu nhiéu to
hop nano SiO2 va chit HDBM, két qua cho thay riang stc cang vé mat dau nuéc giam
tir 24 xubng con 5.10° dyne/cm [17]. Tuy nhién, cac nghién ciu trén c6 han ché la
cac chat bom ép di bi bay lai & pha dau gay lang phi, mat hiéu qua. Mic khac, viéc
sir dung chat HDBM dic thu ¢6 gia thanh cao nhung kha nang chiu nhiét khéng 6n
dinh do hau nhu cac chat HDBM c6 do bén nhiét khong cao.
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1.1.3. Co ché ting cwong thu hdi dau

V& co ban, dau bi giit lai trong via chu yéu bao gom: dau luu trong nhitng ving
duoc quét boi nude bom ép va dau linh dong trong nhirng ving khong dwoc quét hozc
nhitng ving dugc quét khong dang ké bai nude bom ép [12]. Qua trinh TCTHD dua
vao co ché day dau/thay thé dau thong qua cc luu chat bom ép ¢ nhing dic tinh
khac nhau nhu d3 néu trén, nham gilp dau con sot lai c6 thé dén duoc giéng khai
thac. Hiéu suét thay thé hay hiéu suit quét dai dién cho hiéu qua cua qua trinh quét
dau va bat ki mot qué trinh thu hdi dau nao ciing déu c6 mét hiéu suat quét toan phan,
hiéu suat nay c6 thé duoc viét thong qua hiéu suat quét vi md va hiéu suat quét vi mo

[8].

S.
E=EpE =2—"E, (1Y)

oi

Trong do:

E : hiéu suat quét toan phan, 14 ti 1¢ giita thé tich dau duoc thu hoi va thé tich
dau luc mai bat dau qua trinh;

Ep : hiéu suat quét vi mo, no lién quan dén sy thay thé va tinh linh dong cua dau
trong cac khe da nut né va I8 rdng cua via; 1a thang do hiéu qua cta luu chat thay thé
trong viéc di chuyén dau tai nhitng noi ma luu chét tiép x(c véi dau; phan anh do Ion
ctia do bao hoa dau du Sor trong ving tiép xuc véi luu chét thay thé;

Ev : hiéu suat quét vi mo; n6 lién quan dén hiéu qua tuong tac cua thé tich luu
chat bom ép khi tiép xdc véi via, d6i khi con c6 tén goi 12 hé sé quét va hé sé trong
hop biéu thi hiéu qua quét caa luu chét thay thé trong via, ca theo phuong ngang 13n
theo phuong doc mién la thay thé dau dé dau c6 thé di dén giéng khai théc;

Sei : Do béo hoa dau ban dau;

Sor : DO bdo hoa dau du;

Muc dich ctia qua trinh TCTHD 1a tac dong vao gia tri Ep va Ev nham lam cho
hiéu suat toan phan E tién dén 1. Qua trinh TCTHD Iy tudng 14 qué trinh bom ép luu
chat lan dau c6 thé di chuyén duogc hét toan bo dau trong cac khe da (Sor — 0), luu
chat thay thé sé& tiép xuc dugc véi toan bo thé tich via va dau hoan toan dén duoc
giéng khai thac. PO giam gié tri cua Sor duoc chi phdi bai hai yéu tb chinh, do 1a:

+ S6 mao dan “N¢”;
+ Ti 6 linh dong “M”;
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% S6 mao dan duoc dinh nghia 13 ty s6 giita lec nhét va lyc mao dan:

N, = _Lwenhot _VH (QJ(A_PJ (1.2)

Lycemaodin  oCc0SO \ eo /\ L
Trong do:
Vv : Van téc di chuyén cua dong luu chét
L : D6 nhét cua dong luwu chét
G : Stic cang bé mat lién dién giira hai pha dau — nuéc
0 : Goc dinh u6t bé mit caa nuée trén da
Ko : hiéu qua tham uét 1&n chat b thay thé (luu chét bi thay thé ¢ day 1a dau)

€ : d6 xop cua lép da trong via

SRR

or)after
or)before
-

ni|n N\

Critical N, N

Hinh 1.2 Anh huéng ciia Ne dén dg bdo hoa dau dur

Hinh 1.2 1a d thi biéu dién ty Ié bdo hoa dau du va sé mao dan. Hinh minh hoa
cho thay su giam d6 b&o hoa dau du véi sy gia ting s6 lwong mao dan. RO rang tir
biéu thuc 1.1 thay rang s mao quan c6 thé duoc ting 1én khi:

- Tang gradien ap suat Ap / L;

- Tang do nhét cua chat long dich chuyén;

- Giam stre cang bé mit giira chat long tiém va chat long dich chuyén:;

< Mot yéu to quan trong khac trong co ché TCTHD la ty sb linh dong “M”. Ty
18 linh dong duoc dinh nghia 1a ty sb giita do linh dong cua chét léng dich

chuyén so vai ty s6 luu dong cua chat long bi dich chuyén:

o

(%) s

Trong do:
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o k: Po tham bé mat caa dong luu chat thay thé.

LITE D6 nhét cua dong lwu chét thay thé.
e ko: D6 tham bé mat cua dong luu chat dugc thay thé.
e wo. DO nhot caa dong luu chat dugc thay thé.

Ty 18 lwu dong anh hudng dén hiéu suit quét vi mé va vi mé (quét ngang va
quét doc). Gia tri M>1 duoc xem la khdng thuan loi vi khi d6 su dich chuyén caa chat
long dich chuyén nhanh hon su dich chuyén cua chat long bi dich chuyén (dau). Biéu
nay gay ra hién twong chuyén dong va bo qua dau du. Dé cai thién ty 1¢ linh dong c6
thé bang cach ting 46 nhot, ngudi ta thuong sir dung chat 16ng nano hoic polymer dé

bom ép.

1.1.3.1. Co ché TCTHD biéng phwong phdp bom ép polymer

TCTHD bang phuong phap bom ép polymer la mét trong nhitng giai phap chi
yéu khi qua trinh bom ép nuée day dau dat hiéu qua thap do cac nguyén nhan nhu
viéc vot nudc som & giéng khai thac va hé sé thu héi dau thap. Co ché day dau cua
dung dich polymer tac dong chii yéu 1a: Tang hé sé mao din Nc va thay doi ty s6 linh
dong M.

% “Tang hé s6 mao dan Nc

Sau khi bom ép nuéc thong thudng, gié tri Nc thudng & mac 107. Bé nang cao

hiéu suat thu hoi dau gié tri Nc phai 16n hon 10 nhu hinh 1.3. Khi bom ép dung dich

polymer gitip &6 nhét pha nude cao hon lam ting hé sé mao dan Nc.

100
N, =—F
80 ° ocosO
S 60
£ 40
< 20
0 . i t
1,606 1.E05 1,604 1,603 1,602

Capillary Number N,
Hinh 1.3 Méi quan hé giita s6 mao dan Nc va hiéu sudt thu hoi dau

% Thay doi ty s6 linh dong — Tang hiéu suat quét vi mod
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Bom ép dung dich polymer c6 thé mang lai hiéu qua cao khi hé via — chat luu

c6 mit cac yéu tb:
- Ty s6 linh déng dau- nuéc khdng thuan loi;
- Via c6 tinh bat d6ng nhét cao.

Khi ty s6 linh dong dau nudc khéng thuan loi (M >1) s& 1am cho chiéu cao béo
hoa nudc cua d6i day dau thap ¢ bom day thang va gay anh hudng xau dén hiéu qua
day dau, diéu nay tuong (ng véi viéc vot nudc sém trong giéng khai thac ¢ dang cac
ludi nude dai va sau d6 1a giai doan khai thac hai pha vai hé s6 ngap nudce tang dan (
Hinh 1.4). Viéc bom ép polymer lién tuc cé thé cai thién hiéu qua quét dau trong via
[18]. Polymer c6 tac dung ting do nhét tot va cai thién bé mat tiép nhan nuéc tot hon
bai vi phan tir caa nd ¢d chudi mach dai 1am nén I6p mang ngin khéng cho nuéc
trwot manh 18n mat dau vi vay cd thé dat dugc d6 bdo hoa dau du nhat dinh [19].

Khi ty s6 linh dong dau nuéc thuan loi nhung via khong dong nhat vé mat cau
tric dja chat. Thuc té cho thiy dai da s6 cac via déu c6 sy phan 16p rat cao véi cac
I6p nam sat canh nhau nhung c6 @6 tham rat khac nhau, diéu nay lam giam déng ké
hiéu qua quét doc va quét ngang trong qua trinh bom ép nudc. Sy hién dién cua cac
16p c6 d6 tham cao ciing din dén sy vot nuéc sém. Trong trudng hop ndy, viéc bom
ép polymer ciing c6 thé giam d6 linh dong cua nudc trong cac 16p cé tinh tham cao

do d6 dau dé& dang di chuyén khoi cac 16p co do tham thap [20].

) AI: |
1
I
1

Hinh 1.4 S vot nuwéc som va hiéu qua quét cua phuong phap bom ép nudc va bom
ép polymer

Nhu vay, do su khac nhau caa d6 nhét gitta cac pha c6 thé gay ra su hinh thanh

cac ludi nude va dan téi 1am giam hé sé quét theo dién tich. Diéu nay xay ra khi cac

thong s6 cua hé via - chét luu roi vao ving khong 6n dinh [21]. Truong hop dic trung
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vé su hinh thanh ludi nuéc do sy khac nhau vé do nhét & kiéu bom ép 5 diém duoc

thé hién dudi dang so d6 & hinh 1.5a. Theo so dd nay, ré rang riang, hiéu qua day dau
theo dién tich & vao thoi diém vot nuée 1a rat thap. Khi bom nude day dau véi cac
gia tri M khéc nhau, hiéu qua day dau sé rat thap & via cd tinh bat dong nhat cao (cac
16p c6 do thim cao phan bd xen k& vai cac 16p co do tham thap) va ty sé linh dong
dau nuéc khdng thuan loi. Polymer gidp nang cao hiéu qua day thiang va hiéu qua day
theo dién tich nho vao tac dong cai thién ty s6 linh dong dau nuée. Polymer 1am ting
d6 nhét cua pha nude va lam giam rd rét 6 tham cua pha nudc. Hé sb day thang dugc
cai thién do chiéu cao bao hoa nuéc cua d6i day duogc ting 1én. Hé s6 quét theo dién
tich ciing duoc nang cao nhd su gia tang cua chiéu cao bio hoa nudc cua d6i day dau
va viéc giam thiéu su hinh thanh céc ludi nuéc. Hé s6 quét dién tich duoc nang cao

& so d6 bom ép polyme kiéu 5 diém duoc chi ra & hinh 1.5b.

a) Giéng khaithac b) Giéng khaithac

Bom nudc Bom polyme

(khi M>1)

- ]
Giéng bom Giéng bom

Hinh 1.5 So do thay doi hé sé quét theo dién tich khi day dau bang bom ép nwéc va

bom ép polyme

1.1.3.2. Co ché TCTHD béng phwong phdp bom ép chdt 16ng nano

Bom ép chat long nano 1a mot phuong phap TCTHD mang tinh d6t pha trong
nhitng nim gan ddy. Phuong phap nay tac dong chu yéu téi ting hé sé mao dan Nc
thong qua viéc thay doi tinh dinh w6t cua da via va giam sic cang bé mat lién dién
gitta hai pha dau- nuéc. Ngoai ra bom ép chét 1ong nano con c6 thé kiém soat tinh
linh dong M.

% Thay d6i tinh dinh ué6t cua da via

Dau c6 thé thu hoi dé dang tir d4 udt nude hon tir da udt dau. Vi vay, mot cach

tiép can dé cai thién kha nang thu hoi dau la thong qua viéc thay doi kha nang dinh

wot cia d4 via tir w6t dau sang w6t nudc. Bé miat da duoc goi 1 w6t nude néu goc tiép
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xUc véi nude < 90° va uét dau néu goc tiép xdc > 90°[22]. Co ché cua qué trinh nay

c6 thé duoc giai thich nhu sau:

Ning luong bé mit quyét dinh bé mat 13 udt nudc hay udt dau. Hé sé lan
truyén S cta nude trén chat rin tiép xuc véi ca dau va nude duge xac dinh theo
phuong trinh:

S = yors — ywirs - Yorw (1.4)

Trong d6 yoss, Ywss, va yow 1a ning luong bé mit gitra dau/ran, nudc/ ran va
dau/ nudc. Giam stc cing bé mit gita dau va nuéc dan dén ting S va bé mat uét
nudc hon. Tuy nhién, chat 16ng cé chira cac hat nano, céac hién tugng dugc quan sat
c6 thé khong duoc giai thich chinh xac thong qua cac co ché di biét trude day. Co
ché co ban c6 thé giai thich cho sy thay d6i kha nang thim w6t ciia cac hat nano co
thé lién quan dén kich thudc caa NPs. Céc hat ¢6 ciu trdc nano nay len 16i va tu sap
xép c6 thir tu thanh mot 16p trén bé mat c6 hinh dang nhu mot cai ném len 16i vao
lien dién thay doi tinh dinh w6t bé mat ( hinh 1.6) [23]. Céc hat cau truc len 16i va sap
xép theo “ hinh cai ném” lam tang ap luc phéa huy cau tric khi cac hat cang tién lai
gan dinh cua cai ném, dan dén ap luc phé huy cau tric cang luc cang ting ( hinh 1.7).
Bé mit lién dién dau — lru chat nano di chuyén dén va luu chat sé& trai dai trén bé mat
da, day dau ra khoi da (hinh 1.6). D6 16n cla &p luc nay phu thudc vao kich thudc,
thé tich cua hat nano, 6 da phén tan cta chat 16ng nano. Ngoai ap luc pha huy ciu
trdc c6 anh huong téi ap suat lién ké, thi luc tinh dién va solvat héa ciing c6 anh
huong téi ap suat lién ké. Lyc tinh dién rat c6 hiéu qua trong viée tang cac dac tinh
thay d6i kha nang thdm uét ctia NPs. Ngoai ra, véi cac hat NPs dugc boc bai cac
polymer luc ddy tinh dién c6 thé lam ting ap suat lién ké va c6 thé lam tang dang ké

su lan truyén cua pha vai cac hat NP phan tan [24].

Luu chét nano ™

Cic hat nano

Lép ném
dinh wét

Hinh 1.6 M& phong qud trinh day dau cua chdt léng nano
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Ngoai kha ning thay d6i tinh dinh wét cua d4 via, chat long nano con cé

kha ning nang cao hiéu qua thu hdi dau du nhd vao kha ning truyén sau vao bé chira
dé hd tro dich chuyén dau. Bén canh d6, cac luc day tinh dién va giam twong tac ky
nuéc- Ky nuée gitta cac hat nano PNPs va bé mit da c6 thé 1am giam sy hap phu céc
hat nano I&n bé mit da. Do vay, bom ép chat long nano vao via dé TCTHD cai thién
duoc tinh kinh té caa qua trinh thu hoi dau [25].

__ Suphén tan cdc hat nano
10 A 3
hép theo 16p ném mong

o N & O ®
m—
N

L/

N

rys
7/

Ap Iyc pha hiy chu tric (x10° Pa)
7/

0 1 2 3 a
Do day 16p ném mong theo kich thwde hat (h/d)

Hinh 1.7 Méi quan hé giita ap lwec pha hiy cdu tric va kich thuéc hat

% Giam sirc cang bé mat

Céc hat nano tran (NPs) c6 thé quéa ky nudc hodc wa nuée, do dé dé 6n dinh
bot va nhii trong, cac hat nano nay thudng dugc boc bang chat hoat dong bé mit hozc
polymer tao PNPs. Céc chat hoat dong bé mat va polymer trén bé mat vat liéu nay
lam giam sirc cang bé mit lién dién gitra hai pha dau nuéce tir d6 1am ting hé s6 mao
dan Nc, gitip tang hé s6 thu hdi dau [26].

% Kiém soat tinh linh dong

Ngoai kha ning lam thay doi tinh dinh wét ciia d4 via va giam stc cang bé mat
lién dién. Bom ép chét long nano con ¢ kha ning kiém soat tinh linh dong cua dau-
nuéc. Trong TCTHD, ty s6 linh dong 1a do linh dong caia chat long dich chuyén duoc
bom vao so véi d6 linh dong cua dau bi dich chuyén. Kiém soat tinh linh dong tt dat
duoc khi d6 nhét cua chét 1ong bom vao bang hoic cao hon do nhét caa dau trong
via. Piéu nay c6 thé dat dugc thong qua viéc cai thién d6 nhét chat long bom ép bang
cach cho thém dung dich polymer, chit HDBM hoic chét l6ng nano dé tao bot va nhii

tuong. Khong gidng nhu cac chat HDBM va polymer, cac hat nano c6 lgi thé 1a ching



16
c6 thé hap phu vao bé mat phan cach long -long hoic khi-long tao thanh bot va nhii

tuong rat 6n dinh.

1.2. Céc vat li¢u sir dung trong TCTHD
1.2.1. Vat liéu nano - Chat léng nano trong TCTHD
1.2.1.1. Hé chat léng nano

Cac vat liéu dang hat c6 it nhat mét chiéu kich thude duéi 100 nm duoc goi 12
cac hat nano. Cac hat nano dién hinh 1a kim loai, oxit, cacbua, nitrua hoic éng nano
carbon. Nhitng hinh dang nay c6 thé 1a hinh cu, dia, thanh,... Hé chira c4c hat kich
thudc nano phan tan on dinh trong dung méi nudc, ¢ cau trac tuong tu cau tric keo
hoic mixen duoc goi 1a hé chat 1ong nano. C4c hat nano thay doi cac dac tinh chat
long va su phan tan ching cd thé tao ra nhiéu tinh chat wu viét trong hé. Hat nano c6
thé tac dong dén cac hop phan lang dong, anh hudng t6i cac tinh chat nhiét, dién, co,
quang, luu bién va/hoic tinh chat tir... cua vat liéu gbc va gia ting hiéu qua cua no
[12].
1.2.1.2. Tiém ndng ieng dung vat lieu nano trong TCTHD

Viéc nghién ctru ché tao cac vat liéu nano, hé chat long nano dinh hudng @ng
dung trong TCTHD Van luén 1a van d quan trong dugc vu tién hang dau. Dé khai
thac cac tinh nang cy thé cua chiing, nhitng chat 1ong doc dao nay thudong duoc phat
trién dudi dang dung dich chira cac hat nano [27], [28]. Cac hat nano (NPs) da cho
thiy duoc loi thé dang ké trong img dung TCTHD so véi cac hoa chét truyén thong
khéc. Vi kich thude hat nho, cho phép chung len 161 vao cdc mao quan nhd cua khe
da niit né ma cac vat liéu khac khong thé tiép can ma khong bi giir lai. Bén canh do,
chung c6 dién tich bé mat riéng 16n, ning luong bé mit cao va kha nang phan tng
ctia chiing c6 thé 1am thay d6i cac dic tinh cta chét 16ng va da via dé cai thién do
linh dong cta dau. Vi cac hat nano tir tinh con ¢6 vu diém 14 tng dung dién trudong
va tir truong ngoai dé kiém soat tinh linh dong cua dau [29].

Ngoai ra, mot dic tinh dang quan tam cta cac hat nano la kha niang di chuyén
dén bé mat lién dién gitra hai pha long — long, long — khi va 1am 6n dinh, 1am bén nhii
d3 duoc cac nha khoa hoc tim hiéu, nghién ciru va ng dung trong nhimg nim qua
[30]. Trong qué trinh chat 1ong nano tran qua méi truong x6p (d4 via), cac hat nano
¢6 xu hudng tao thanh mot 16p trén bé mit lién dién gitra nude va dau thd [31]. Nhiing

hat nano tac dong 1én bé mat lién dién giita hai pha long — long hoic 1ong — khi nhu
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nhitng hat keo, chiing c¢6 xu hudng sip xép tai do, gia ting ap luc 18n bé mat tiép xuc,

bé mat bi co ng6t dan dén giam dién tich bé mat, do d6 giam SCBM giita cac giot
chat long voi pha khdng hoa tan. Nghién ctu cia Hendraningrat va Li [25] ciing
chang minh 16p nay 1am giam SCBM giita cac pha khong thé tron 13n phu thudc vao
loai, kich thudc va ndng do ciia cac hat nano. Hon nita, trén bé mit cac giot chat long
khong hoa tan xuat hién cac hat nano ngan su két hop giita cac giot lai voi nhau dong
nghia v&i viéc 1am bén nhii [32].

Rodriguez cling cac cong sy da nghién ciru va thay rang cac hat nano silica
bién d6i bé mat c6 thé dé dang di chuyén trong da tram tich, céc hat duoc luu gitr trén
bé miat duoc ly giai bang co ché hap phu thuan nghich trén vach 15 xdp béi luc Van
der Waals gitra cac hat/da trén vach 16 xop va giai hap bang luc khuéch tan Brown
cuia cac hat nano [33]. Ho thay rang khi cac hat hap phu 1én bé mit d4 chira dau s&
lam thay d6i goc tiép xuc cua dau véi bé mat da, do d6 dau s& dé dang bi day ra boi
chat luu. Trong nghién ctu ciia minh, B. Engeset da thay rang cac hat c6 kich thudc
rat bé co thé xam nhap vao khéng gian cac 16 x6p, diéu don gian ma céc ky thuat thu
hoi thong thuong chua thé thyuc hién dugc. Ong ciing da giai thich cac hat nano c6
thé duogc diéu chinh dé thay doi mot sb tinh chit cia da via nhu cai thién ti s linh
dong, tinh dinh w6t bé mat, kiém soat qua trinh sa lang vat liéu [34].

Ngoai ra d6 mubi, ¢ pH va loai dung mai [35], [36] ciing dwoc cho Ia rat quan
trong trong viéc giam SCBM va cai thién thu hdi dau. Qua trinh str dung céc chat
bom ép trong diéu kién dé6 mudi thip dugc cong nhan 1a mot ki thuat thu hdi dau hiéu
qua trong cac nghién ciru caa Hourshad va Jeraul [37], Behruz and Skauge[38]. Trong
hai thap ky gan day nhiéu co ché khac nhau vé ki thuat TCTHD sir dung chét long
nano ciing dugc xac dinh bao gom su thay di tinh dinh w6t cua da via lam cho ching
wa nuéc nhiéu hon 13 uva dau, giam SCBM, giam thiéu lwong dau du [39]. Nhiéu
nghién ctru ciing cho rang mot luong nhoé dau can cé thé duoc mang theo khi cac hat
min di chuyén do c6 su phan tach cua cac hat dau phu tir bé mit da via. Mot hiéu tng
bd sung la tinh dinh wot c6 thé bi giam do cac 16 xp cua da via bi chan bei mot phan
do su di chuyén caa céc hat min [40], [41]. Arab va Pourafshary di nghién ctru va
cho rang luc hap dan giira cac hat min ting 1én va bé mat hat tinh c6 thé duoc ting
cudng bang cach st dung cac hat nano do thay dbi dién thé zeta bé mat [42].

Vit liéu nano oxit st tir da dugc nhiéu nha nghién ciru quan tdm nghién cau

cho céc ung dung trong TCTHD cua k§y thuat bom ép chét 16ng nano [43], [44], [45].
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Chung mang day du nhitng dic tinh caa vat liéu nano trong TCTHD nhu ¢6 kha ning

hip phu manh, chiu duoc nhiét do cao, dién tich bé mit cao, 6n dinh bé mat, 6n dinh
hoa hoc. Ngoai ra vat liéu nano oxit sat tir c6 vu diém dic biét day 1a vat liéu siéu
thuan tir d& thu hoi va tai sir dung [46]. Tuy nhién, cac nghién ciu vé vt lidu nano
oxit sat tir boc polymer dé cai thién kha ning 6n dinh trong méi trudng nudc bién cé
d6 mudi cao va nudc bién c6 nhiéu ion hda tri hai chua duoc quan tm nghién ctu.
1.2.1.3. Vit liéu nano tzr tinh

a. Giogi thigu

Céc hat nano tir tinh (MNPs) 12 mdi quan tdm 16n cua cac nha nghién ctru tir
nhiéu linh vuc khac nhau nhu chat 16ng nano tir tinh, xtc tac, cong nghé sinh hoc, y
sinh, hinh anh cong huong tir, luu tri dit liéu va xt Iy méi truong. Gan day ching
cling dang duoc nghién cttu cho linh viee TCTHD [47]. Viéc ap dung vat liéu nano
tir tinh vao nhiéu linh vuc nhu trén phu thudc nhiéu vao d6 6n dinh cua cac hat trong
mét loat cac diéu kién khac nhau. Trong hau hét cac linh vuc ung dung thi cac hat tir
tinh hoat dong tot nhat khi kich thuéc khoang 10-20 nm. Tuy nhién mot van dé khong
thé tranh khoi lién quan dén céc hat trong pham vi kich thudc nay 1a tinh khong on
dinh noi tai ctia chung theo thoi gian. Cac hat kich thudc nho nhu vay c6 xu hudng
két tu lai dé giam nang luong. Hon nita cac hat nano kim loai tran c6 hoat tinh hoa
hoc cao va dé bi oxy hoa trong khong khi din dén mat tir tinh va tinh phén tan. Vi
vay d6i v6i nhiéu tng dung dic biét 1a tng dung trong TCTHD diéu quan trong la
phai c6 phuong phap bao vé dé on dinh hoa hoc cac hat nano tir tinh tran trong qua
trinh tong hop. Cac phuong phap nay bao gdm ghép hay boc cac loai hitu co nhu chit
hoat dong bé mat, polymer.

Trong qua trinh TCTHD sir dung vat liéu nano du thé nao ciing s& c6 14n rat it
vat liéu nano trong dau sau khi khai thac. V4t liéu nano kim loai 13n vao dau thé 1a
bat kha khang va khong mong mudn Vi chung s& 1am giam chit lvong dau tho va co
thé gdy dn mon dong co hoic giy hu hong via. Do vy, viée sir dung vét liéu nano
oxit sat tir trong TCTHD ngoai nhu wu diém nhu di noéi & trén con cé vu diém 1a co
thé thu hoi vat liéu sau khi sir dung bang cich str dung nam cham dé hit giam rat
nhiéu chi phi ciing nhu ting chat luong ciia san pham dau tho khai théc.

b. Cdc phwong phdp tong hop vat liéu nano ti tinh
Vat liéu nano tir tinh duoc téng hop v&i mot sb thanh phén va pha khac nhau

bao gdm oxit sit chang han nhu Fe3O4 va y-Fe,0s, kim loai nguyén chat nhu Fe va



19
Co hay st tir loai spinel nhu MgFe;04, MnFe204, CoFe204 ciing nhu cac hop kim

nhu CoPts va FePt. Mot s6 phuong phap phd bién bao gdm ddng két tia, phan huy
nhiét, thay nhiét.
> Phuwong phdp dong két tua

Pong két tiia 1a phuong phap don gian va thuan tién dé tong hop oxit sat tir tir
dung dich mubi Fe?*/Fe3* bang cach thém bazo trong méi truong tro ¢ nhiét d6 phong
hodc nhiét do cao. Kich thude, hinh dang va thanh phﬁn cua MNPs phuy thudc rat
nhiéu vao loai mubi duoc st dung (vi du clorua, sunfat, nitrat...), ty 1& Fe?*/Fe3*,
nhiét d§ phan mg, d6 pH va cudng d6 ion trong moi trudng phan tng.

Gan day, nhiing tién do dang ké trong viéc diéu ché cac MNPs don phan cuc
v&i cac kich thudce khac nhau da duoc thuc hién béng cach st dung cac chét phu gia
hitu co 1am chat 6n dinh hodc chat khir. Vi du cac MNPs ¢6 kich thude 4-10nm c6
thé duoc on dinh trong dung dich chira 1% ruou polyvinyl. Phéi tir ctia cac ion kim
loai c6 thé ngan can sy tao mam, ngan can sy hinh thanh cac hat 16n hon. Mat khac,
su hap phu cta cac chét phu gia hitu co trén cac nhan va cac tinh thé dang phat trién
c6 thé e ché su phat trién cta cac hat [48].
» Phuwong phap vi nhii

Phuong phép vi nhii 1 su phan tan dang hudng 6n dinh vé mit nhiét dong hoc
ctia hai chat 1ong khong thé hoa tan, trong d6 ving vi mé ctia mdt trong hai chét 16ng
duoc On dinh béi mot mang phan tr chit hoat dong bé mat. Nhii tuong nudc trong
dau, pha nuéc dugce phan tan dudi dang vi giot va duoc bao quanh boi mot 16p don
phan tir chat hoat dong bé mat trong pha hydrocacbon lién tyc. Kich thudc cua cac
mixen phu thudc vao ty 1¢ mol cua nudc va chét hoat dong bé mat. Bﬁng cach tron
hai vi nhil twong nudc trong dau giéng hét nhau c6 chira cic chat phan ing mong
mudn, cac vi nhil twong s& lién tuc va cham, két hop voéi nhau va v ra. Cudi cung
két tia duoc hinh thanh trong cic mixen. Két tiia c6 thé duoc chiét xuit bang cach
loc hay ly tim cing dung moi nhu axeton hodc etanol. Bang cach niy, mot vi nhil
tuong co thé duoc su dung nhu mdt 10 phan rng nano dé hinh thanh cac hat nano
[49].
» Phuwong phap thuy nhiét.

Trong diéu kién thuy nhigét, nhiéu loai vat liéu c6 ciu trac nano c6 thé duogc hinh
thanh. Li va cong su da nghién ciru phuong phap thay nhiét dé téng hop nhiéu loai
vat liéu nano khac nhau bang phan tng trong dung dich 10ng- ran. Hé phan tmg bao

gdm linoleate kim loai (rin), pha long axit etanol-linoleic va dung dich nuéc - etanol
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& nhiét do phan ung khac nhau trong diéu kién thity nhiét nhu duge mé ta trong hinh

1.5 [50]. Phwong phép nay dua trén co ché chuyén va tach pha chung xdy ra tai cac

mit phan cach cua cc pha 10ng, ran va dung dich c6 trong qua trinh tong hop.

C.H.OH + RCOOH
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e ot o 1
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SiE; |
Solution
C.HOH + H:0

Hinh 1.8 Phuong phdp chuyén pha long — ran- dung dich [50]

Vé mat don gian dé thyc hién thi phuong phap dong két tiia dugc uu tién lua
chon. V& mat kich thudc va kiém soat hinh thai cta céc hat nano thi phuong phap
thiy nhiét 1a phuong phap wu viét nhat cho dén nay. Nhu mét giai phap thay thé,
phuong phap vi nhii twong ciing c¢6 thé dugc sir dung dé tong hop cac hat nano don
phan tan voi nhiéu hinh thai khac nhau. Tuy nhién phuong phap nay can mot luong
16n dung méi. Cho dén nay, cac MNP duoc diéu ché tir phuong phap dong két tua
dugc nghién ctru nhiéu nhat va chiing c6 thé dugc diéu ché trén quy mo 16n.
1.2.1.4. Vat liéu nano oxit sdt tir bec polymer

Mic du c6 nhiéu phat trién dang ké trong qué trinh tng hop MNPs. Tuy nhién
viéc duy tri sy 6n dinh ctia cac hat nay trong mot thoi gian dai ma khong bi két tia 1a
mot van dé nan giai. Cac phuong phap bao vé déu xoay quanh viéc tao thanh mot cau
trdc 18i- vo. Nghia 1 cac MNP tran dong vai trdo nhu mot 16i duge bao phu béi mot
16p v6 cach ly vi mi truong. Nano oxit sat tir bién doi bé mat véi polymer da duoc
tong hop bang cach ghép cac polymer 1én bé mit cac hat nano dé t6i uvu hoa do 6n
dinh va d phan tan ciia chung [51]. Nhiéu loai 16p pht polymer khac nhau da duoc
nghién ctru va su dung trong TCTHD nhu poly pyrrole, poly anilin, poly
alkylanoacrylat va gan day la methyl methacrylate va 2-acrylamido-2-methyl-1-
propanesulfonic acid. Viéc tong hop NPs boc polymer dugc thyc hién bang cach
tring hop cac monomer trong moi trudng vi nhit [52].

Nhiéu nghién ciru ciing cho thdy rang chat long nano dya trén NPs phi

copolymer da tac dong tot dén kha ning TCTHD ching han nhu ting d6 nhét, ting
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hiéu suat dich chuyén, ting 6 6n dinh nhiét [26]. Tuy nhién cic nghién ciru vé tong
hop va danh gia vat liéu nano oxit st tir boc AM-NVP d TCTHD trong diéu kién
ho6 chira ngoai khoi c6 nhiét do cao trén 120 °C véi nude bién co do mudi cao va do
ciing cao van chua duoc bao céo.

Khi str dung chat 16ng nano tir cac hat nano sét tir nguyén thity khong cé 16p
bao vé bé mit, dic biét trong moi truong nhiét d§ cao, nude cod néng d6 mudi va ion
da hoa tri cao, cac hat nano dé dang két tu din, mat 6n dinh va két tia. N6 co thé gay
tac nghén cic vét niit nho trong via. Khi cdc hat nano magnetic dugc bao boc bai
polymer (NVP-AM), céc day polymer (NVP-AM) duoc gin vao bé mat hat nano sat
tir thong qua mot cau ndi & lién két doi cua axit oleic, khong nhiing co tic dung 6n
dinh, ngin ngtra hién tuong sat tir cac hat két tu lai voi nhau. Nném AM trong day
polymer cling lam tang do nhdt cia nudce. So vo1 dung dich copolymer NVP/AM,
dung dich NP Fe3O4-Polymer c6 do nhdt biéu kién cao hon ¢ cing ndng do. Hién
tuong ndy 1a do cac NP FesOs-Polymer c6 thé tao ra cdu trac lién két ngang vi mo
[53].
1.2.1.5. Tinh hinh nghién cizu vé vdt liéu nano va hé chdt léng nano #ng dung

TCTHD

Trong nhitng nim gan day, mot s6 nghién ctru di chi ra tiém nang cua NPs dé
cai thién thu hdi dau dic biét 1a dua trén silica (SiO2). Mot trong nhitng bai bao st
dung NPs som nhat [54] dd nghién ctru kha ning thay ddi tinh dinh w6t bang cach st
dung polysilicon ky nuéc va ua nuéc (LHP) NPs c6 kich thude 10-500 nm. Két qua
chi ra rang LHP c6 thé thay di tinh thAm u6t cua d4 via tir wdt dau sang w6t nude.
Niam 2016, Ahmadi cling cac cong su di dua ra nhitng két qua v cling tich cyuc vé
viéc str dung cac hat nano silica ki nuéc dé dinh huéng wng dung trong TCTHD, vat
liu duoc lam tir SiO, clng véi mot s6 chat phu gia [55]. Két qua la co thé cai thién
kha ning thu hoi dau Ién t&i 80.234 % véi dung dich nano silica ki nudc c6 nong do
10000 ppm. Nguyén nhén la cac hat nano silica ki nudc co tac dung lam giam stc
cang bé mat lién dién gitra hai pha dau/nudc va ché tao ra nhii twong vi mé c6 do nhét
cao. Rodriguez cuing cac cong su dd nghién ctru va thay rang cac hat nano silica bién
d6i bé miat co thé dé dang di chuyén trong d tram tich, cac hat dugc luu giit trén bé
mit duoc 1y giai bang co ché hap phu thuan nghich trén vach 16 x4p boi luc Van der
Waals giira cac hat/da trén vach 16 xp va giai hap bang lec khuéch tan Brown cua

cac hat nano [33]. Ho thiy rang khi cac hat hap phu I&n bé mat da chtra dau s& 1am
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thay d6i goc tiép xuc cua dau véi bé mat da, do d6 dau s& dé dang bi day ra boi chat

lru. Trong nghién cttu ciia minh, Engeset da thay rang cac hat co kich thuéc rat bé
c6 thé xam nhap vao khong gian céc 16 xdp, diéu don gian ma céc ky thuat thu hoi
thong thuong chwa thé thuc hién dugc [34]. Ong ciing di giai thich cac hat nano c6
thé dugc diéu chinh dé thay doi mot s6 tinh chat cua da via nhu cai thién ti 6 linh
dong, tinh dinh w6t bé mit, kiém soat qua trinh sa lang vat liéu.

Véi bude dot pha nay, cho dén nay, ngdy cang nhiéu cac nha nghién ctru dang
nghién ctru mot cach linh hoat vé tiém nang va hiéu qua caa NPs cho cac tng dung
TCTHD trong céac diéu kién khac nhau [56], [57], [58].

Niam 2019, Jagar A. Ali cing cac cong su ciing nghién ctru tong hop vt liéu
nano ZnO/SiO; boc polymer xanh va ching minh duoc tiém ning tng dung trong
TCTHD. Nghién ctru ching minh dugc vat liéu cé thé lam giam strc cang bé mit caa
da w6t dau, két qua cho thdy chat long nano ZnO/SiO; boc polymer ¢ néng do
2000ppm c6 thé 1am giam stc cang bé mat mot cach dang ké 1én dén 93.6% [59].

Céc nghién ctru cua Hendraningrat va cac cong sy da chirng minh hi€u qua
clia cac NPs oxit kim loai c¢6 kha ning cai thién strc cing bé mat (IFT) va thay doi
kha nang dinh udt cua da via [60] [61]. Kazemzadeh cung cong su [62], [63] va
Rezvani [64] ciing c6 nhiéu nghién ctru cho thdy rang cac NPs oxit kim loai c6 kha
ning 1am ting d6 nhét cua chét long bom ép va giam su két tia asphanten trong qué
trinh ngap lut ¢ giéng.

Trong cac NPs oxit kim loai thi MNPs ¢6 wu diém 1a chiing c6 thé di chuyén
theo huéng mong muén khi &p dung tir truong bén ngoai. Ngoai ra bé mat caa MNPs
cd thé bién doi linh hoat va hiéu qua thong qua I5p phu polymer phi hop.

Niam 2012, Hou Xiang Yu va c4c cong su [65] ciing da nghién ciru téng hop
thanh c6ng vat liéu nano oxit sat tir boc polymer AMPS va MMA véi kich thudc 10-
30nm. Nam 2016, T.P. Nguyen va cac cong su [66] ciing nghién ctru tong hop thanh
cdng vat liéu nano oxit sat tir boc polymer AMPS va MMA vai cau tric 18i — vo, co
kha ning phan tan tét va ching minh duoc tiém ning wng dung vt liéu trong TCTHD
thng qua viéc 1am giam stc cang bé mat lién dién cua hai pha dau nudc.

Tai Viét Nam, Lé Thi Nhu Y va nhom nghién ciru Nguyén Phuong Tung da
phdi tron cac hat nano SiOz c6 kich thudc trung binh 15 nm véi mot sé6 chat HDBM
anion dic thu dé khao sat hiéu ang hop troi, két qua cho thay kha ning giam SCBM

vuot bac [17]. Két qua cho thay hiéu tng hop troi chi xay ra khi phdi tron hat nano
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vé6i chat hoat dong bé mit XSA-1416D (giam 4,2 1an tir 0,079 xubng 0,019 mN/m)

& ti 16 phéi tron 12 4:6 va véi chét hoat dong bé mat SS16-47A (giam 4,3 1an tir 0,017
xudng 0,004 mN/m) ¢ ti Ié phdi tron 12 1:9, ndng d6 tong 1a 1000 ppm cho ca hé. Giai
thich dugc dé xuit 1a: cac chat HDBM nay c6 cac dudi ky nudc dai va trong luong
phan tir 16n nén sau khi hap phu 18n bé mat cac hat nano SiO2 wa nudce s& 16i kéo cac
hat nay dén BMLD giita hai pha dau-nuéc, 1am giam manh ning luong bé mit gitra
hai pha, do d6 s& cho gia tri SCBM cuc thap. Khao sat kha ning day dau cua cac hé
chat long nano ¢6 tac dong hop troi nhu hé dung dich 1000 ppm SS16 — 47A, hé chi
c6 1000 ppm nano SiO va nudc bién cho thay hé chi ¢ 1000 ppm nano SiO; va
nudc bién khong day duoc dau, trong khi d6 ¢ cac hé khac duogc lva chon, qua trinh
day dau déu xay ra rat manh liét.

Tuy nhién vat liéu nano va chat long nano si dung cho céc ang dung TCTHD
dbi véi cac mo dau xa bo co diéu kién khac nghiét nhu nhiét do via cao, nudc bién
c6 do cting, 46 mudi cao chua duoc nghién ciru mot cach rong rai. Pac biét cac vat
liéu nano tir tinh boc polymer AM-NVP va vt liéu GO-Polymer vira dap tng co ché
TCTHD nhu d nhét cao, 1am thay dbi tinh dinh uét da via, giam SCBM dé ting hé
s6 thu hdi dau vira cd thé 6n dinh nhiét va 6n dinh hoa hoc chura dugc nghién ciu.
1.2.2. Vat ligu Polymer va GO-Polymer (GO-P)

Polymer 1a nhitng chit c6 khdi lugng phan tir cao khoang tir 104-106 Da.
Polymer c6 thé dugc phan loai thanh homopolymer chi bao gom mdt loai monomer
hodc copolymer (d6ng tring hop) bao gém hai hay nhiéu loai monomer.

Cac polymer dugc tao thanh tir cic monomer thdng qua phan tng trung hop.
1.2.2.1. Polymer trong TCTHD

K§ thuat bom ép polymer di dugc sir dung trong nhiéu nam qua dé thu hoi
lwong dau con lai trong via [67]. Trong ky thuat nay cac polymer c6 d6 déo cao do
cau trtic chudi dai, trong lugng phan tir Ion hoa tan trong nudc. N6 kéo cing cac giot
dau va mang dau trong qua trinh chay 1am ting kha ning day dau cta né [68]. Do do,
polymer c6 thé lam tang d6 nhét clia pha nude va giam su khac biét vé do tham thau
ctia dau va nudce. Ngoai ra, polymer ding cho TCTHD phai chiu dugc nhiét d6 cao
(>70 °C), nong d6 mudi cao va thoi gian bom ép dai [67].

Trong k§y thuat nay, cac polymer co trong luong phéan tir cao, hoa tan trong nudc

va acrylamide (AM) duoc thém vao dé lam dic chat long bom ép va do d6 lam giam
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d6 linh dong cua pha nudc, ting thé tich quét va cai thién hiéu qua thu hdi dau. Do

d6, c6 thé thu hoi thém t6i 30% luong dau ban dau [69].

Céc polymer tong hop dugc sir dung nhiéu nhét trong qua trinh bom ép polymer
trong TCTHD la nhitng polymer géc acrylamide (PAM) vi tinh kha thi vé mat k§
thuat, loi thé vé thuong mai va hiéu qua thu hdi dau cao. Ngoai ra PAM con ¢6 tinh
hat nude manh va tao lién két hydro 1am cho ching rat d& hoa tan. N6 1a mét trong
nhitng nhém polyacrylamide c6 hinh dang caa polymer mach thang va cac monomer
acrylamide. Phan tir cua nd cd cau trdc chudi linh hoat dugc cudn ngau nhién. Cau
tric cia AM va PAM duoc thé hién ¢ hinh 1.9¢ :

X

a b c
Hinh 1.9 a. Bgt acrylamide; b. Acrylamide; c. polyacrylamide

PAM da duoc sir dung rat pho bién & hau hét cac via dau co diéu kién thuan loi
v6i do dong nhat cao, nhiét do via thap (dudi 75 °C) do chling c6 gia thanh thap, c6
kha niang lam ting do nhét tot va co cac ddc tinh hoa 1y dic biét véi trong lwong phan
tir 1én dén 30 triéu dvC [70]. Tuy nhién, trén thyc té c6 nhiéu via chira dau thuong
hoat dong & nhiét d6 cao (>90 °C) va d6 mudi cao (>10.000 mg L 1) dic biét ddi véi
céc truong hop ¢d su hién dién cua cac cation hoa tri hai nhu Ca?*, Mg?*, Sr?* trong
nuéc bién [71], [72]. Trong cac diéu kién nhu vay, PAM dé bi thiy phan. Phan ung
thiry phan nhém amide (AM) dé tao thanh axit acrylic (AA) bi anh huong dang ké
boi pH dung dich va s c6 mat cua cation héa tri hai. Co ché phan Gmg thity phan

duoc thé hién ¢ hinh 1.10 sau:
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Tbc 36 thuy phan thuong phu thudc chu yéu vao nhiét d6. O nhiét 6 cao hon
90 °C, qua trinh thuy phan dién ra nhanh chong va su két tua polyacrylamide duoc
tang toc khi c6 mat cac ion héa tri hai trong nudc bién. Vai cac cong nghé khai thac
dau gan day, thuong tao thanh cac giéng dau sau hon va do d6 nhiét do giéng dau cao
hon, yéu cau dbi voi cac loai polymer bom ép ciing cao hon nhu cé thé chiu duoc
nhiét d6 cao (trén 120 °C) cling nhu chiu dugc do mudi va do cung cua nudc bién cao
hon. Dic biét ddi véi cac via xa bd Miocene va Oligocene ctia mo Bach H6- Mot
trong nhitng mo khai thac dau quan trong khong chi ciia Viét Nam ma cia ca Pong
Nam A. Dé bao vé PAM khoi qué trinh thity phan do bi anh hudng bai nhiét do va
ham luong ion hoa tri hai, viéc stra d6i cau tric cua chiing bang cac monomer khac
nhau di duoc nghién ctru rong rai. Li Qi va cong sy [73] thdy rang co-polymer cia
acrylamide (AM) va axit sulfimic-2acrylamido-2-metyl-1-propan (AMPS) ¢6 d6 bén
nhiét cao. Nhom sulfo chira trong AMPS c6 thé tang tinh 6n dinh ctia chudi polymer
va ciing c6 thé kiém soét sy suy thoai cia AM. Tamsilian va cong su [74] di nghién
ctru cac copolymer twong tac nhiét (TAP) dua trén AM va dugc bién tinh dé ting ty
1¢ luu dong nham khic phuc nhitng han ché ciia polymer truyén thong. Mgasalmesh
va cong su [75] da trinh bay cac két qua thir nghiém lién quan dén polymer gdc
acrylamide v6i ham luong cao acrylamide tertiarybutyl sulfonic (ATBS) dé 6n dinh
& diéu kién via & Abu Dhabi.

Vi nhitng 1y do trén dé tdi vu hiéu suit ting cudng thu hdi dau cia PAM cho
céc via dau c6 nhiét d6 va d6 man cao, hudng nghién ctru maéi b'fmg cach bd sung N-
vinylpyrrolidone (NVP) tao copolymer P(AM-NVP) hoic bo sung
polyvinylpyrrolidone (PVP) tao copolymer P(AM-PVP) van chua dugc nghién ciru.

% N-Vinylpyrrolidone
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Nhiéu nghién cau [76] [77] da chi ra rang N-vinylprrolidone (NVP) c¢6 thé bao

vé cac nhém AM chéng lai qua trinh thiy phan nhiét mét cach hiéu qua. Trong cau
tric cua NVP c6 su hién dién vong 5 lactampyrrolidone rd rang c6 thé han ché muc
d6 thuy phan bai vi nhém cacbonyl cua NVP dé tao lién két hydro hon véi amide
trong PAM, bao vé cac nhom lién ké trong diéu kién nhiét d6 thap hon. Ngoai ra NVP

thac ¢ay nhém nho lién két chéo gitra cac phan tir.

-

N

N

Hinh 1.11 Cdu triic ciia NVP

¢ Polyvinylpyrrolidone (PVP)

Polyvinylpyrrolidone 1a mot loai polymer khong doc hai, chira nhdm di vong
c6 d6 6n dinh cao trong méi trudng nudc bién va hoa tan tot trong nudc duoc tong
hop tir NVP ¢6 cong thiac (CeHaNO)a, véi dac tinh ndi bat nhu d6 tan va do tuong
hop rong. So vai cac polymer tan trong nudc khac thi PVP con cé kha nang tan trong
dung méi hiru co va twong hop véi cac vat liéu khac nhu xenlulozo acetat, cac vinyl
clorua, vinyl acetate...

Ngoai ra nhiéu nghién ctu ciing chi ra rang PVP 1am giam qua trinh thay phan
cua nhém chirc acrylamide trong mdi trudng nudc bién co6 d6 min va nhiét do cao,
han ché két taa lang cua polymer [78]. Tuy nhién d6 nhét cua dung dich PVP thap (
30+40 cP) vai dung dich ham lugng 5% TL/TT. Trong khi d6, acrylamide khi duoc
ghép Ién PVP s& tao san pham polymer chira hai thanh phan tan tét trong nuéc dong
thoi han ché sy két tua trong mdi truong khoang hoéa cao va nhiét do cao. Khi
polyvinyl pyrrolidone dugc ghép v&i monomer tan trong nudce - acrylamide thi trong
lwong phén tir va @6 nhot cua dung dich polymer dugc gia tang.

Do d6, cac qua trinh tong hop khac nhau ciia cac polymer hoa tan trong nudc
phu hop cho cac ing dung TCTHD thong qua qua trinh trung hgp AM, N-vinyl-2-
pyrrolidone (NVP), AMPS va N,N-dimethylacrylamide di duoc thuc hign[71], [72],
[79]. Nguoi ta cling da bao céo rang vat licu Na-AMPS c¢6 ham lugng AM cao khong
thich hop cho viéc bom ép polyme ¢ nhiét 36 cao (khoang 75 °C). Trong khi d6, NVP

c6 thé bao vé hiéu qua cac nhom AM khoéi qué trinh thuy phan ¢ nhiét do cao do sy
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hién dién ctua vong 5 lactam-pyrrolidone trong copolymer rd rang c6 thé han ché murc

d6 thuy phan [80]. Cac thir nghiém d6 6n dinh trén copolymer P(AM-NVP) di chi ra
rang cac polymer nay c6 do 6n dinh lau dai trong nudc bién & diéu kién khic nghiét
cta via diu nhu nhiét d6 cao, 36 mudi, do cung nudc bién cao. Céc nghién ctru khac
cling da x4c nhan tinh 6n dinh cta copolymer P(AM-NVP) trong nhiing diéu kién
nhu vay [81]. Tuy nhién, mét s6 polymer bén nhiét va hoa tan tét trong nudc bién da
dugc tong hop 6 gia thanh cao do gia thanh cua cac hop chat gbe pyrrolidone, do d6
mot sé6 monomer khac dugc st dung thay thé mot phan hay toan bo NVP. Cac
copolymer lién két nhiét (TAP) dua trén AM duoc thiét ké dé thay ddi ty 1¢ linh dong
ctia chat long bom ép nham khic phuc nhitng han ché ciia phuong phap truyén thong
[81], [82]. PO nhét cia TAP thu dugce duge danh gia ¢ nhiét do 1én toi 80 °C tuy
nhién van thap hon nhiéu so véi nhiét d6 yéu cau dbi voi cac via xa bo nhiét do cao
(120-135 °C). Bé giam gia thanh dbi vai viéc sir dung cac polymer ¢ kha niang chiu
nhiét d6 cao trong TCTHD bén canh viéc thay thé NVP bang cac monomer phi hop
[83], [84] thi viéc tim cach tong hop polymer ¢ ning suit cao, chi phi thap va c6 kha
nang chiu nhiét 1a mot yéu cau cép thiét.
1.2.2.2. Tong hep polymer cho TCTHD
Thuc hién phan tGng trung hop theo co ché gdc tu do 1a phuong phap duoc st
dung nhiéu nhat dé tong hop polymer cho TCTHD [19]. Phuong phap dong tring
hop (homopolymerization) phit hop trong trudng hop sir dung mot monomer duy nhét
trong khi copolymerization dé cap dén cac phan tng tring hop trong d6 ¢6 nhiéu hon
mot monomer. Qua trinh trung hop gdc tu do bao gdm 3 giai doan: khoi mao, phan
ung va két thac. Pau tién, giai doan khoi mao 1a qué trinh hinh thanh cac géc tu do,
tiép theo 1a phan mg ctia gdc tu do véi mot monomer vinyl. Sau d6 cac monomer
duoc thém vao lién tuc va hinh thanh cac chudi polymer. Cac chudi polymer phat
trién ma khong 1am thay doi cac tim hoat dong. Cudi cung su két thiic pha hiy cac
trung tim ting trudong dang hoat dong bang cach ghép ndi hay két hop cac gbc cua
hai chudi polymer dang phat trién. Ngoai 3 giai doan nay qué trinh chuyén chudi co
thé xay ra. Goc tu do dugc tao bang chat khoi mao héa hoc hoic b xa.
% Tong hop polymer sir dung phwong phap polymer hoa ghép birc xa
Viéc sir dung phwong phap tring hop boi chiéu xa duoc quan tdm nghién ctru.
Do phuong phap nay c6 nhiing wu diém vuot bac nhu co thé tao ra cac polymer hoa

tan trong nudc muoi va on dinh nhiét, c6 thé dé dang mé rong quy mo cho céc ung
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dung ngoai khoi. That vay, chiéu xa di dugc ap dung dé tong hop polymer trong

nhimg nim qua. Tuy nhién, né6 méi duoc sir dung rong rai gan ddy vi né co thé cung
cAp nhiéu loai san pham polymer da dang va chit luong cao voi hiéu qua vé kinh té
va an toan moi truong [85].

Trong s6 céc nguén blrc xa hién c9, tia y 1a tia an toan, ddi dao va dé sir dung
dé tong hop polymer. Do qué trinh copolymer héa sir dung chiéu xa y thudng xay ra
0 nhiét do phong va lidu chiéu xa di duoc nghién ctru so bo nén cac yéu t6 chinh anh
huong dén viéc ché tao cac san pham copolymer 1 ty 16 monome va téng ham luong
ctia chung trong hdn hop phan tng [86], [87], [88]. Céc yéu té ndy duoc t6i uu hoa
trong qua trinh ché tao vat liéu dé tao ra san phém polymer c¢6 do nhét va do 6n dinh
phtt hop cho cac bé chtra ngoai khoi c6 nhiét do cao. Tuy nhién, viéc tdi vu héa nhur
vy chua bao gio duoc bao cdo cho dén nay.

Dudi tac dung ciia birc xa ion hoa dd khoi mao va thuc hién nhiéu phan tng hoa
hoc ma bang phwong phap thong thuong kho hodc khong thuc hién duoc, dac biét
trong cac hé polymer, cac phan &ng hoa hoc xay ra nhanh, san pham nhan duoc c6
do tinh khiét cao va c6 thé dé dang diéu khién téc d6 phan ung. Khi birc xa tuong tac
lén vat chat chdng truyén ning luong 18n vat chat, gay cac qua trinh ion hoa, kich
thich, tao goc tu do trong hé vat chat da hap thu ning luong bic xa. Céac gbc tu do
tao thanh sé& 1a nhitng tac nhan khoi mao déng vai tro nhu chat x(c tac trong phan
rng hda hoc thong thuong, chiing ¢ hoat tinh hda hoc cao va dé dang thuc hién céac
phan ang.

Ghép birc xa 1a mot ki thuat bién tinh vat liéu polymer. Qué trinh bién tinh c6
thé xay ra trén bé mat hoic bén trong polymer tiy thudc vao diéu kién va phuong
phap thuc hién. San pham nhan duoc tir qua trinh ghép duoc goi 1a polymer ghép
(hay con goi la copolymer).

Mot polymer ghép phan bd ngau nhién hoac trat ty chtra hai hoac nhiéu don
vi monomer c6 cau trdc hda hoc khac nhau. Cau trdc caa mot polymer ApBq phan b
ngau nhién c6 thé biéu dién nhu sau [89]:

AAAAA » A-A-B-A-B-B-B-A-A-B-B-A-A-B (1.5)
+nB

Nhu vay c6 thé xem polymer ghép 1a su két hop hda hoc giita hai hoac nhiéu
phan tr polymer cd ciu tric héa hoc khac nhau. Su sip xép cua polymer ghép mach

nhanh c6 thé dugc minh hoa nhu sau [89] :
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~~~AAAAAAAAAAAAAAAAAAAAAAAAAA~~~ Mach chinh (1.6)
B B B
B B B
B B B
Mach ghép

Trong do: A la khung cua mach polyme va B la mach ghép.

Néu mach ghép lién két voi bé mat cua polyme gdc thi cac tinh chat cua
polyme géc khong bi anh huong. Néu cac mach ghép phan bb ngau nhién bén trong
polyme gdc khi d6 tinh chat cua san pham polymer ghép mang tinh cong hop cua
monomer va polymer tham gia trong phan ung.

Phuong phap chung dé tao polymer ghép 1a dua trén su kich hoat caa mach
polymer (An) va st dung n6 dé khoi mao qua trinh polymer héa monomer (B). Sau
do thyuc hién phan tng ghép 1€n polymer (An).

Su kich hoat la tao ra cac vi tri c6 hoat tinh héa hoc cao trén mach chinh cua
polymer gdc. Qué trinh kich hoat c6 thé thuc hién bang nhiéu phuong phap: hoa hoc,
co hoc, birc xa tir ngoai, bic xa ion hoa nang lugng cao. Tuy nhién dung burc xa ion
hoa ning luong cao st dung tia gamma dé khoi mao phan @ng ghép c6 nhiéu wu thé
hon cac phuong phap khéc 1a thuc hién phan ang nhanh va san pham c6 do sach cao.

Buc xa niang lwong cao truyén ning lugng vao vat chat, nang lugng nay twong
tac 1én cac dién tur cua I6p vo nguyén tir gay ra qua trinh ion héa va kich thich. Qua
trinh ion hda va kich thich hoan toan khéng phu thudc vao nhiét do va ban chat hoa
hoc cua vat liéu. Nhu vay bac xa ion hoa sé kich thich moi phén tir, ky thuat nay uu
diém so véi cac phuong phap khac 1a khong st dung chat xdc tac.

Ung dung birc xa tia gama dé tao cac polymer ghép duoc thuc hién theo hai
phuong phap khac nhau d6 13: chiéu xa dong thoi va chiéu xa trudc.
% Chiéu xg dong thoi: La phuong phap tong hop polymer st dung dung dich
monomer va N-metyl pyrrolidone 1am chat @c ché lién két chéo [90] [91] duoc cho
vao thung PE, suc khi nito, sau d6 day kin va dua vao budng thiét bi chiéu xa dé chiéu
xa. Co ché cuia phuwong phap nay nhu sau.

o  Giai doan khoi mao:

A Buc xa gamma . A
H20, N2, NMP
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B Bucxagamma B°
H20, N2, NMP

e Giai dogn phét trién mach:

~emm A%+ A >~ AC

~~~~B° + B — ~~~~B°

e Giai doan dong mach:
~~~~A° + °B~~~~ — ~~~~ A-B~~~~
Trong qua trinh chiéu xa dong thoi, dung dich hai monomer 1 va 2 duoc chiéu

xa dong thoi va dung NMP lam chat e ché lién két chéo dé tao cac goc tu do. Céc
goc tu do caa monomer 1, 2 va NVP két hop véi nhau tao polymer. Mic du day 1a
phuong phap tong hop polymer ¢ nhiéu uu diém nhung han ché caa phuong phap
nay khi ung dung trong thuc tién qua trinh TCTHD 1a khéng thé tong hop ngay tai
noi khai thac dau khi do can c6 thiét bi chiéu xa cong kénh. B¢ giai quyét van dé nay
phuong phap tong hop polymer bang phuong phap chiéu xa trude duge dé xuat
nghién cuu.
X Chiéu xg trwéc: La mot phuong phap polymer hoa ghép duoc thuc hién theo
hai buéc: budc dau tién 1a chiéu xa cac polymer trong sy c6 mit cta oxy (khong khi)
dé tao thanh cac nhoém peroxit (POOP) trén khung polymer. Liéu birc xa phai thap
hon lidu dong mach ctia polymer; Budc thi hai 14 thyuc hién phan timg ghép bang cach
dun néng cac polymer da duoc chiéu xa trong dung dich monomer khéng c6 oxy. Co
ché caa qué trinh ghép twong tu nhu qua trinh polymer héa, trong d6 cac manh khoi
mao la cac goc trén khung polymer sau khi phan hay cac nhém peroxit thanh cac géc
tu do.

Co ché tong quét cua phuong phap nay dugc thé hién nhu sau:

Blrc xa gamma

»P* + R

e Giai doan khoi mao: A, ~~
Phat trién cac gbc tu do P + M ——> PM°
Loai oxy
o Giai dogn phat trién mach:

PM.* + M Gia nhiét sPM,.1°

e Giai dogn dong mach :

PMn. + PMm. » PMm+n
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Phan trng polymer hoa ghép dudi tac dung cua bac xa tia gamma (y) duoc cong

nhan 1a mot phuong phap hiéu qua va d& mo rong quy mé dé tong hop céc san pham
polymer khéac nhau. Co ché cua qué trinh polymer hda st dung tia y 1a co ché gdc tu
do giéng nhu phan ung st dung cht khoi mao héa hoc. Str dung tia y 1am cho cac
phan ung dé dang hon dé kiém soat va diéu khién tai chd bang cach diéu chinh liéu
birc xa. Hon nita, qué trinh 1am sach san pham duoc don gian hda mot cach dang ké
S0 V&i viéc sir dung chat khoi mao hoa hoc, d& bi dinh cac tap chat [92].

1.2.2.3. Vgt liégu GO-P(AM-NVP) va GO-P(AM-PV/P)

+»» Graphene oxide (GO)

GO la mot vat liéu nano carbon 2 chiéu vai cac nguyén ti carbon lai hda sp?,
duogc biét dén nhu mot loai vat liéu tuong lai véi nhiéu dic tinh wu viét [93].

Viéc loai cac nhom oxy trén GO (tic 1a rGO) tao chd trong dé dua cac thanh
phan khac vao tao thanh vat liéu composite. Ngoai ra viéc loai bo oxy tao rGO gitp
cho vat liéu bén vé mit co hoc ciing nhu bén nhiét hon [93]. Su két hop giira cac bé
mat rGO phan cuc va cac mat phang co ban graphite lai Ky nuéc sp? mang lai cac dac
tinh ludng tinh cho vat liéu.

s GO-Polymer

Sy lién hop giita cac polymer c6 do nhét cao khac nhau trén cac tim nano
graphene oxit (GON) di duoc nghién ciru vi tinh 6n dinh nhiét cao cia GO va kha
nang tuong thich tét véi dau thd cho thay kha niang st dung cua n6 trong TCTHD.
Ngoai ra cac bé mit ky nuéc cua dau va nude vai cac nhém carboxylic ¢ ria GO c¢é
thé tao ra mot mang giao thoa trén bé mit c6 do dan hoi manh thé hién cac dic tinh
doc dao & vat liéu GO hai chiéu (2D) [94]. Mot nghién ciru khéc ciing chi ra rang ciu
trdc hai chiéu ciia GO lién quan dén strc cang bé mat, ban kinh giot nhii twong va goc
tiép xUc giira ba pha thdng qua ning lugng Gibbs trong phwong trinh Young [95]:

AG = nR2[yo/w — | yo/s — yw/s|]
Trong d6 yo/w, yo/s, yw/s 1a stic cang bé mat giita dau/ nudc, dau/ da via va nude/ da
via. Cac thir nghiém TCTHD khac nhau dd dwgc Khoramian nghién ctu [96] dé
chang minh ky vong vé viéc 4p dung thanh cong graphene oxide nano (GON) trong
quy trinh TCTHD. Két qua cho thdy GON c6 thé lam ting d6 nhét caa nudce, giam
sic cang bé mat va ¢ kha niang lam nhii héa dang ké cac giot dau trong nudc. Tuy
nhién GO c6 nhuoc diém 13 c6 @6 phan tan thap trong dung dich nuée bién. Do do,

bé mit caa nd can dugc stra ddi dé tao ra su phan tan dong déu trong nudc bién va
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cho phép ttng dung trong TCTHD. Bé khic phuc nhuoc diém nay cua GO mot huéng

nghién cu méi duge dua ra 1a thuc hién bién doi bé mat GO théng qua viéc gan
copolymer P(AM-NVP) hoic gin copolymer P(AM-PVP) 1&n bé mat GO dé st dung
mot cach ti wu cac vu diém cua cac vat liéu riéng 1é.

Mot s6 nghién ciru di chi ra rang cac tim GO phan tan trong polymer c6 thé
&p dung trong bom ép polymer (ng dung trong TCTHD & céc diéu kién khic nghiét
[97]. Trong mot nghién ctiru khac, Maje Alhaji Haruna va Dongsheng Wen da phat
trién mot phuong phap méi dé ting cudong do 6n dinh cua vat liéu nano GO-
polyacrylamide & nhiét do cao va nudc mudi co cuong do ion cao [98]. Ngoai ra cac
chat déng tring hop cua acrylamide (COPAM) d lién két cong hoa tri véi graphene
oxit bi khir mot phan (rGO) théng qua phan ung polymer hda gdc tu do va phan tng
thém véi 1, 3- propan sultone dé thu duoc cac nhoém ion ludng cuc. Két qua la hon
hop (rGO va COPAM) thé hién sir 6n dinh va phén tan trong nude bién tét hon [98].
Tuy nhién, 1,3-propanesultone c6 gia thanh twong dbi cao, diéu nay can tré viéc ang
dung chung trén quy mé cong nghiép trong TCTHD.

Qua trinh dong tring hop do chiéu xa gama cac monomer AM va NVP (P(AM-
NVP)) va qua trinh dong tring hop do chiéu xa truéc PVP sau d6 ghép AM (P(AM-
PVP)) di dugc nghién ctu dé tim ra diéu kién phan tng téi wu. Sau d6, qua trinh lién
hop cac chat ddng trung hop P(AM-NVP) va P(AM-PVP) téng hop dugc trén cac
tam nano GO chiju nhiét dugc thuc hién dé thu duoc vat liéu nanocompozite dong
trang hop GO c6 dd nhét cao, do hoa tan trong nudc bién va do on dinh & nhiét do
cao (130 °C). Nhiing tinh nang nay c6 thé lam cho ching phu hop cho tng dung

TCTHD ¢ cac via xa bo ¢d nhiét do cao.
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KET LUAN CHUONG 1

Trong chuwong nay da trinh bay tong quan vé qué trinh TCTHD, cac phuong
phap TCTHD ciing nhu cac co ché TCTHD. Tuy nhién, linh vic dau khi ctia Viét
Nam dang chi ding lai & hai giai doan khai thac dau dau tién va cé budc di chap
chitng trong viéc khai thac du & giai doan ting cudng thu hdi ddu nhung hiéu qua
van chua dugc nhu mong doi. Ung dung cua vat liéu nano va chét long nano, dac
biét 14 nano tir tinh boc polymer va cac vat liéu nano graphene oxit két hop polymer
AM-NVP/AM-PVP c6 thé s& khic phuc duge phan nao nhirng kho khin gip phai
trong d6 c6 yéu to vé kinh té. Vat lidu nano tir tinh boc polymer mang nhiing tinh
chit ctia vat liéu nano va tinh chit dic trung cua vat li¢u tur gitip cho chat long nano
tir tinh tro thanh mot ddi tuong nghién ciu duoc quan tdm hién nay, khong chi
trong linh vuc dau khi ma con trong nhiéu linh vuc khac. Bén canh do, phuong
phap tong hop vat liéu polymer bang chiéu xa tia gama mang lai nhiéu wu viét ciing
dugc quan tim nghién cru. Cac nghién ctru vé phuong phép tong hop va tiém niang
g dung ctia ching trong linh vuc dau khi hién nay van 1a mot van dé dang dugc
tiép tuc nghién ciru dé tim ra duoc diém t6i vu nhat trude khi tng dung vao thuc

té. Va d6 ciing 12 Iy do dé thyc hién dé tai nay.
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CHUONG 2. THUC NGHIEM

2.1. Hoa chat va vat ligu

Bang 2.1 Hoa chat va vt liu

bo
Tén hoa chit/ vat | Congthéc/ | Trang | tinh Xz
STT ligu Viéttit | thai | khiét| N9uongoc
(%0)
1 | Nuédc cét H.0 Long Viét Nam
2 | Iron (111 chloride FeCls Ran 99 | Trung Quéc
3 | Ferrous chloride FeCl, Ran 99 | Trung Québc
4 | Amoni hydroxide NH4OH Long 28 Trung Quéc
5 | Oleic acid C1sH3402 Long |65 | Trung Qubc
6 | Ethanol C2HsOH Long |98 | Trung Qudc
7 | N-vinylpyrrolidone | NVP Ran 98 |USA
(Sigma-
Aldrich)
8 | Acrylamide AM Rén 98 |USA
(Sigma-
Aldrich)
9 | Ammonium (NH4)2S20s | Ran 98 | Trung Québc
persulfate
10 | Nitrogene N2 Khi Viét Nam
11 | Sodium Dodecyl NaC12H25504 | Ran 99 | Trung Québc
Sulfate (SDS)
12 | Graphite C Ran Fisher/USA
13 | Acid Sulfuric H2S04 Long |98 | Trung Qudc
14 | Potassium KMnO4 Rén 99 | Trung Quéc
permanganate
15 | Hydrogen peroxide | H2O> Long 36 Trung Qudc
16 | Sodium nitrate NaNO; Ran 98 | Trung Quéc
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bo
Tén hoa chat/ vat | Congthirc/ | Trang | tinh X%
STT lidu Visttit | thai | khiét| N9uongoc
(%0)
17 | Ammonium (NH4)2S:0s | Rén, 99 | Trung Quéc
persulfate
18 | N-methylpyrrolidone | NMP Long 99 Sigma
Aldrich —
USA
19 | Acetone CH3COCHs | Long 95 Viét Nam
20 | L-ascorbic acid CsHgOs Ran 99 | Trung Québc
21 | Nudc bién Long/ PTN (pha
thanh theo thanh
phan phan nuac
nhu bién mo
bang Bach Ho)
2.2
22 | Dau tho Long, Tang
tinh Oligocene,
chat I\/If") Bach
nhu Ho- Viét
bang Nam
2.4
23 | ba cat két Tang
Oligocene,
M Bach
Ho- Viét
Nam
Bang 2.2 Thanh phdn va tinh chdt ciia nwéc bién [99]
Thanh phan Tinh chét
Ty Do
Na* | K* | Ca®* | Mg?* |HCOs | CI° | SO | pH | trong, | man,
kg/L %00
11421 | 296 | 1162 | 956 | 151.3 | 21942 | 1025 | 7.28 | 1.026 | 13.48




Bang 2.3 Tinh chat cua dau thd mé Bach Hé [100]

36

Tinh chat Giatri
Ty trong tai 20°C 0.823 g/mL
Ham lugng n-parafine 27%
Diém nong chay 36 °C

Bang 2.4 Ddc diém cua tang Miocene va Oligocene mé Bach Hé [101]

.| chiéu | Tinhtham | Do x0p | pyday | Nhigtdp | BDic
Loal via N , , <R .
: sau (m) (mD) (%) via (m) via (°C) | diem da
Miocene | <3000 <800 6-28 20 110-123 | Catkét

: 3800- o LA
Oligocene 4400 <500 3-22 30-68 120-134 Cét ket

2.1. Thiét bj, dung cu, phan mém

< Thiét bi chiéu xa:

Thiét bi chiéu xa Iscledavachel & vién Hat nhan Da Lat ( hinh 2.1) 1 thiét bj

dé thuc hién qué trinh téng hop copolymer. Ngudn chiéu xa cho thiét bi 1a tia gamma-

80Co do Lién X& san xuat. Do phong xa cia ngudn 1a 2000 Ci. Buc xa cd cac thong

s6 k¥ thuat nhu sau: chu ky béan ra: 5.26 nam. Hai tia ning lugng birc xa véi muc
nang lugng E1= 1.17 MeV; E2=1.33 MeV. Nang luong toan phan E =2.50 MeV,
cdng suat caa ngudn: P=0.0148 W/Ci. Thé tich budng chiéu cua thiét bj 1a 4.4 L.

Véi nang lugng gamma 2.50 MeV, buc xa nay khéng cé kha nang gay kich

hoat vat chat, c6 nghia 1a khong c6 kha niang tao ddng vi phong Xa trong ddi tuong

chiéu xa, khdng gay nhiém phdng xa trong san pham. Btic xa gamma c6 kha ning

kich hoat tao d6ng vi phong xa chi khi birc xa c6 muc niang luong tir 16 MeV tro Ién.




Hinh 2.1 Thiét bj chiéu xa gamma Co-60 (Iscledavachel)

Bang 2.5 Thiét bj, dung cu va phan mém sir dung dé mo ta déc tinh/ nghién cizu cac

vt liéu téng hop duwoc

STT| Muc dich Thiétbi/ dungcu | D¢ ;;f]’; hoat | w4t xir
Pé tong hop, danh gia cac vat lieu MNPs va PMNPs
£ ) £ Téi da 900 N
1 | Khuay May khuay co vong/phit My
2 | Siéuam Powersonic 603 - Hwashin
Technology
3 | Do do nhot Brookfield DV-I11I i USA
Ultra
4 | Say Shellap oven 120 °C USA
Do strc can Spinning Dro TEMPCO
5 | Posuccang | opINNIng Lrop 60 °C, 7000 rpm | Inc Texas -
bé mat Interfacial Tensiometer
USA
Fisher
, pH Accument i g
6 | May do pH Research ARG0 SC|ent|~f|c
My
7 | anhiét Ampoule 134 °C ACEMGyIass-
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Piéu kién hoat

STT| Muc dich Thiét bi/ dung cu N Xuit xir
dong
Thu hoi A :
8 MNP Nam cham - Vietnam
Xac dinh cau | X-ray Diffraction ‘ o | Bruker—
¥ lirictinhthé | (XRD) 2thetatir 2010 70% | gy
Po d6 béo Vibrating Sample ,
10 hoa tur Magnetometer (VSM) 1000 to 10000 Qe. buc
11 Pic trung cau ::rl(:‘lrja?rgjt;azi(r)c:go Wavenumber: Bruker —
tric hoa hoc P Py 4000-400 cm'*t buc
(FT-IR)
A ar Thermogravimetric s tA LA s
Phan tich . . Nhiét @6 phan tich
12 | nhiét trong af‘fi'ys's .(TIGA) WIth 1 30-800 °C vei | L20SYS EVO
lrong di erential scanning tée do 10 °C/phit - Phap
' calorimetry (DSC) .
Field emission
Xac dinh hinh | scanning electron
13 thalz kich q microscope (F_E-SEM) Phan tan ’vat _||§U Nhat Ban
thudc, kha and transmission trong nudc bién
nang phan tan | electron microscope
(TEM),
14 f()u"cgoc B0 | OCA 15EC/SCA 20 i My
Xac dinh
15 | trang thai
nguyén to
Phan mém
Statgraphics Technologies, Inc. StarGraphics 18-X64 dé tim
1. | diéu kién toi uu cho phan ttng polymer hoa tong hop PMNPs \\%
va phan trng dong trung hop tong hop copolymer
2 | Phin mém Chemdraw 16.0 dé v& cAu trc héa hoc Matr,'\‘;l";rk N
3 | Orgin 8.5 vé& d6 thi XRD, FT-IR, Raman My
4 | Mendeley dé trich dan tai liéu My
5 | Visio dé v& thiét ké tom tit My
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STT| Muc dich Thiétbi/ dungcu | D¢ ;{;ﬁg hoat | Lt xir
6 | Google scholar @é tim kiém tai liéu My

2.2. Quy trinh téng hgp vat liéu nano tir tinh bec polymer-PMNPs

~ Quy trinh tong hop vat liéu nano tir tinh- PMNPs duoc the hién tém tat nhu so
do hinh 2.2 sau:

MMPs
NH,OH
70 °C (A)
FeClaH.0 H{} OH OA
et SR L Oleic Acid
HE O g DA “x ICHAr i,
Autoclave H{} OH 1) oA [DA Oleic acid)
NH,OH (B}
4
120 °C ) OMNPs
OA-{NVP-AM)
[NVP-AM]-OA - OA-{NVP-AM)
0
(NVP-AM)-0A e HN "~
o EH A A~
o —
N_o
4 e —
[NVP-AM)-0A OA-NVP-AM f PMMNPs
(OA-{MVP-81M))
OA-[NVP-ANM)

Hinh 2.2 Quy trinh téng hop PMNPs

2.2.1. Tong hep nano oxit sit tir MNPs
% Phuwong phdp dong két tua [102], [103], [104]

Cho 4.75 g FeCl3.6H20 va 1.75 g FeCl2.4H20 (ty I1¢ mol 2:1) [105]hoa tan voi
80 mL H,0O cit di suc N, cho dung dich nay vao binh phan ung ba cb 250 mL da
dugce diy khi oxygen. Sau d6 hdn hop dugc khudy 6n dinh trong 5 phut (sir dung
khudy co) véi téc 6 300 vong/phut, tiép tuc gia nhiét 1én nhiét do 70 °C [106]. Phan
g duoc bat d¢au khi 7.5 mL dung dich NHsOH (28 %) dugc thém tir tir vao binh
phan tng bang phéu nho giot (trong 1 h), dung dich chuyén tir mau vang nau sang
mau den. Gia nhiét hdn hop trong 2 gid, khi N2 dugc suc lién tuc va hé thdng sinh
han dugc st dung trong sudt qua trinh téng hop. Phuong trinh phan (ng xay ra:

NH,+H,0 <> NH; +OH~  (2.1)
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Fe*" +2Fe* +80H™ — Fe,0, +4H,0 (2.2)

Sau phan ng, st dung nam cham dé gan lay két taa FesOs, rira két taa bang
nuéc cat cho dén khi dung dich gan c6 pH 7 . San pham sau khi rira mang di say chan
khéng ¢ 50 ° C trong 12 h thu duoc bot nano FesOs mau den.

s Phuwong phap thuy nhiét [104]

4.75 g FeClz.6H20 va 1.75 g FeCl2.4H20 (ty 1¢ mol 2:1) hoa tan véi 80 mL
H.O cét dé suc N2. Sau khi hdn hop hoa tan hoan toan, cho dung dich vao autoclave,
tiép tuc khuéy manh cho hé 6n dinh. Cho 7.5 mL NH4sOH (28 %) that nhanh vao
autoclave, tiép tuc khudy va suc N2 trong 1 gid dé tranh hinh thanh cac san pham phu
anh huong dén do tinh khiét cia san pham. Pong autoclave va gia nhiét dén 120 °C
trong 2 gio. Sau phan tng dé hdn hop ngudi, loc 1ay két tia, rira va sdy chan khong
thu duoc bot nano FezOs mau den. Sau do, tién hanh giai doan boc oleic axit.

2.2.2. Quy trinh tong hep hat nano FesO4 boc Oleic acid (OMNPs)
2.2.2.1. Téng hep tir hat nano FesOs

1.51 g hat nano FesOs (MNPs) da tong hop & trén cho vao beaker cung véi
50 mL nudc cat da day O va siéu am trong 1h. Sau d6, cho hdn hop vao binh cau 3
¢ 250 mL, gia nhiét hdn hop phan &ng 1&n 80 °C, khudy véi téc do 300 vong/pht;
cho 1.5 mL oleic acid vao hdn hop va gia nhiét trong 2 gio, san pham thu duoc rira
lai véi nudc va ethanol (ty 18 1:1) dén khi pH 7. Tc do khuay, nhiét do duoc giir on
dinh trong timg giai doan tong hop, khi N2 dwoc suc lién tuc va hé thdng sinh han

dugc sir dung trong sudt qué trinh tong hop.

2.2.2.2. Téng hop lién tuc hat nano FesOs va OMNPS
O quy trinh nay, oleic acid s& dugc cho thém vao ngay khi hé phan ung tong

hop hat nano FesO, vira két thic.

4.75 g FeClz.6H20 va 1.75 g FeCl2.4H.0 (ty 1€ mol 2:1) hoa tan véi 80 mL
H.0 cét di suc N2, cho dung dich nay vao binh phan tng ba ¢ 250 mL di dugc day
khi oxi. Sau d6 hdn hop duogc khudy 6n dinh trong 5 phdt (sir dung khuay co) véi toc
d6 300 vong/phut, tiép tuc gia nhiét 1&n nhiét do 70 °C. Phan tng duoc bat dau khi
7.5 mL NH4OH (28%) dugc thém tir tir vao binh phan tng bang phéu nho giot (1h),
dung dich chuyén tir mau vang nau sang mau den, gia nhiét hdn hop trong 2 gio. Sau

2 h, nang nhiét d6 hdn hop phan &ng 1&n 80°C, cho 1.5 mL oleic acid vao va tiép tuc
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gia nhiét trong 2 h, tbc do khudy, nhiét d6 duoc giit 6n dinh, khi N2 duoc suc lién tuc

va hé thdng sinh han dugc st dung trong sudt qua trinh tong hop.

2.2.3. Quy trinh téng hep vat lieu nano OMNPs boc copolymer AM-NVP

(PMNPs)

PMNPs duoc tong hop bang phuong phap vi nhil — polymer hoa. Véi quy trinh
t6ng hop nhu sau:

Dung dich A bao gébm 5.095 g OMNPs, 50 mL nuéc cit (H20), cho vao binh
3 ¢6 250 mL. Dung dich B bao gém 20 ml nuéc cat, 0.035 mol NVP, 0.035 mol AM;
0.500 g SDS; cho vao beaker thir nhat, ca 2 duoc khuay trong 30 phut véi toe do 300
vong/phut (binh ba c6 dung khudy co). Qua trinh vi nhil hod dugc tién hanh nhu sau:
sau 30 phut khuay, dung dich B dugc d6 vao binh ba co chira dung dich A, khuiy nhe
trong 10 phut, sau d6 két hop danh siéu am va khudy véi tbe d6 300 vong/phut & nhiét
d6 phong trong 1.5 h. Trong liic d6, cho vao beaker thir hai 0.500 g chat khoi mao
(NH4)2S205 (APS), 0.500 g SDS va 20 mL nudc cat, khudy véi toc do 300 vong/phdt.
Sau 1.5 gi¢ gia nhiét hé phan ang Ién 70 °C. Khi nhiét d6 on dinh tiép tuc cho hdn
hop trong beaker thir hai tirng giot vao hé phan ung (stir dung phéu nhé giot) va bat
dau qua trinh polymer hoé. Sau 6 gid tong hop, san pham dugc thu hoi bang nam
cham, ria lai bang C2HsOH va say chan khdng ¢ 50 ° C trong 12 h. Vat liéu nay duoc
goi 1a PMNPs duoc xac dinh bai phuong phap quang phd hong ngoai bién doi (FT-
IR). Trong subt thoi gian tdng hop, ludn git cho phan tng trong méi truong tro (suc
N2), nhiét do va tbc d6 khudy luén gitr on dinh va hé théng sinh han dugc su dung
trong suét qua trinh tong hop.

2.2.4. Toi wu héa cac thong so cia phan wng polymer hoa

Viéc tim ra cac diéu kién phan ung polymer héa boc polymer AM-NVP vao
hat nano oxit st tir gidp cho qua trinh tong hop dugc thuc hién mot cach hiéu qua va
t6i wu. Tuy nhién chua c6 nghién ctru nao trude day bao cao vé vin dé nay. C6 nhiéu
thong s anh huong dén phan g polymer hoa nhu toc d6 khudy, thoi gian siéu am,
thoi gian phan tng, nhiét do phan img nhung thong sé quan trong anh hudng dén
lwong polymer phu 1&n trén vat lidu nano oxit sat tir 1a nhiét ¢6 phan ung T va thoi
gian phan tng t [107]. Qu trinh polymer hoa dugc téi wu hoa dua trén ty 18 phan
tram polymer phu trén OMNPs théng qua quy hoach thuc nghiém. Luan an nay st

dung quy hoach truc giao cap 2.
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MpMNPs—MOMNPs
0, = 0 — 0,
/Omcopolymer pht lén OMNPs — /Omco—po - x 100% (23)

MQOMNPs
Céc phan ung polymer héa thuong xay ra hiéu qua ¢ nhiét dé6 khdng qua cao
va khdng qué thap . Ngoai ra thoi gian phan tng polymer hoa thuong kéo dai nhiéu
gio [43]. Do d6, trong luan an nay ching toi tién hanh khao sat ¢ nhiét do tir 60-80
°C, thoi gian phan ung tir 6-8 h. Cac diéu kién phan ang thé hién & bang 2.6 sau:

Bang 2.6 Cdc dieu kién phan iing polymer héa

Nhigt do

STT S6 thi nghiém phan #ng (°C)

Thoi gian
phan wng (h)

60

6

60

60

70

9 thi nghiém & nhiét do
phan tng va thoi gian 70

han tng khac nhau
p g 20

80

80

O© | 00 N | o | o bW | DN |-

80

[EEN
o

70

3 thi nghi¢m trung tam
Sth: (n)

|
|

70

R
N

70

N | NN || N ||| N || oo |

Bang 2.7 Céc thong sé cua quy hogch thyc nghiém

S6 lwgng tham s6 (k) 2
S6 thi nghiém & tam no 1
a 1
S6 lwgng thi nghiém (2% + 2k + no) 9
S6 lwgng thi nghiém & tam sw: (n) 3
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Bang 2.8 Gia tri va khoang bién thién cia cac tham sé

Gia tri Z; (°C) Z; (h)
Khoang gia tri 60<T<80 6<t<8
Gié tri trung binh Z° 70 7
AZ 10 1

Dé thuan tién cho viéc tinh toan cac hé s thuc nghiém caa md hinh toan hoc
va tién hanh xu Iy dit liéu can chuyén sang gia tri ma hoa khéng thir nguyén, vai gia
tri trén va gia tri dudi la +1 va -1; gia tri trung binh = 0 (¢ goc toa do)

0
Zj —Zj
AZ.

J

Trong do: X; = voij=1,2

Phuong trinh hoi quy ctia nghiém truc giao cap 2 c6 dang:

YV =by+ byx; + byx, + byyx1%, + byyx1 + byyxs

4+ 20 2 : , 4+2a’ 2 2
2 _ 9 :Xf 3 XZ_XZ__ 9 :X2 3

Véi: X, =X

Bang 2.9 Ma trdn truc giao cdp hai cho qua trinh polymer hoa

Gi4 tri thuc Bién ma hoa Ham muc
STT tiéu
Z1(T) | Z2(t) | Xo X1 X2 X1X2 X'l X'Z %Mco-po

1 80 8 1 1 1 1 0.33 | 0.33

2 | 60 8 1 -1 1 | -1 | 033|033

3 | 80 6 1 1 1 | -1 033033

4 | 60 6 1 a1 | 1 | 033033 %

5 | 80 7 1 1 0 0 | 033 | -0.67 | COPOlymer
phu Ién

6 60 7 1 1 0 0 | 033 |-067| OMNPs

7 70 8 1 0 1 0 |-0.67| 033

8 70 6 1 0 -1 0 |-0.67| 033

9 70 7 1 0 0 0 |-0.67|-0.67
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Sau khi tim duoc diéu kién ti wu cho phan @ng tring hop, ching tdi tién hanh

thuc hién phan @ng boc polymer AM-NVP vao MNPs ¢ diéu kién téi wu nay va so
sanh véi két qua da tinh toan.
2.3. Quy trinh téng hop vat liéu nano GO ghép polymer -GO-P(AM-NVP)

Quy trinh tong hop vat liéu nano GO-P(AM-NVP) dugc thé hién khai quat

nhu so dd hinh 2.3 sau:

O%C"/ NH;
CH
O\C/NHQ K 0Co y-ray o

N

/CH;
m CH -
| N o ———» |
Py ( 7 NyHO N
CH,
o n

Al NVP
AM Copolymer

COOH o COOH

Phwrong phép
Hummer bién
doi

GO/rGO—(AM-
NVP)

rGO

Graphite

Hinh 2.3 So do tong hop vt liéu GO-P(AM-NVP

2.3.1. Tong hep Graphene oxide.

Graphene oxide duoc tong hop bang phuong phap Hummers bién ddi théng
qua qua trinh oxy hoa graphite. Cho 50 mL sulfuric acid vao 1 binh cau 3 ¢6 day tron,
c6 chira 2 g graphite. Khuay hdn hop ¢ 80 °C trong 60 phut sau d6 siéu 4m trong 60
phdt. Tiép theo, cho 1 gam sodium nitrate vao binh cau, 1am lanh binh trong bé nuéc
da (0-10 °C) va khudy lién tyc. Sau d6, thém tir tir 6 g potassium manganate vao binh
trong 120 phut. Sau d6 cho binh cau vao bé nude da va khudy hdn hop ¢ nhiét d6 30
°C trong ba ngay. Tiép theo, cho vao hdn hgp 160 mL nudc. Nhiét do cua hdn hop
taing mot cach ty nhién 1én dén 60 °C va mau cia nd chuyén tir mau nau dam sang
nau nhat. Cubi cting, cho vao hdn hop 200 mL nuée khir ion va 5 mL H20,. H3n hop
thu duoc phan tan trong nuéc khir ion va ly tim 10000 v/phat dé loai bo cin graphite
chua phan ung. San pham dugc mang di sy déng kho thu duwgc GO mau nau [108].
2.3.2. Tong hep copolymer AM-NVP dwéi tac dong chiéu xa tia gama

Cho cac dung dich AM, NVP va N-methylpyrrolidone (NMP) (chit ting

cudng d6 6n dinh nhiét) véi cac ty 16 monomer va nong do khac nhau vao cac binh
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PE va dugc suc khi nito. Péng chit ndp va dat vao budng chiéu xa. Sau d6, chiéu xa

véi cac lidu luong 5 KGy, 10 KGy, 15 KGy. Liéu chiéu xa téi vu duoc xac dinh théng
qua kha ning tan trong nudc cua san pham. Sau d6 tong hop copolymer P(AM-NVP)
theo liéu chiéu xa téi vu. San pham thu duoc sau khi chiéu xa dwoc rira sach va tinh
ché qua Soxhlet véi acetone dé loai bo hau hét cac monomer khdng phan wng va loai
bo PAM. San pham copolymer P(AM-NVP) thu duoc sy khd ¢ 50 °C. So db vé phan
g tring hop giitta AM va NVP dugc thé hién ¢ hinh 2.4 sau:

Homopolymerizatiop _LTC' 1,—CH _};

" A
)\ 0% "NH,
0 NH,

x
[/ O _NH
A "r e
07 "NH; |
50Co y-ray L CH
- CH
S— \ “CH P
/ N, H,0, CH \
( NMP N— ]
N o .z P(AM-NVP) 1\ |
’ N | / \ /}
\\\__/7 _ N 0 7 \ O/}\\\/-' /n
( v/ 1 cH,—cH—-
\ \ /g
T P T N
Homopolymerization _0

¥
/
/
/

Hinh 2.4 Minh hoa téng thé qud trinh dong tring hop NVP-AM bang chiéu

Xa tia gamma

C6 nhiéu théng s6 anh huong dén qua trinh dong trang hop, chang han nhu
lidu chiéu xa, ndng d6 ciia monomer, ty 1é mol giita hai monomer [109], [110]. Liéu
chiéu xa téi wu d3 dugc xac dinh dua vao do tan cua san pham trong nuéc. Ngoai ra,
c4c thdng s6 quan trong la nong do ciia monomer va ty 1é mol gitta 2 monomer. Qué
trinh dong tring hop tao polymer duoc tdi uvu hoa théng qua quy hoach thuc nghiém
tryc giao cAp 2 md ta sy phu thudc caa do nhét polymer vao cac yéu té dau vao. Sir
dung phan mém Stargraphics XVIII dé thiét ké sé thi nghiém (géom 12 thi nghiém
trong d6 c6 3 thi nghiém trung tam). Ty 1é mol gitta AM va NVP duoc khao sat tir
1/1 dén 2/1 trong khi nong d6 cua cac monomer thay doi tir 15-25% .

Diéu kién thyc nghiém: ty 16 mol va ndng d6 monomer duoc st dung dé téi

ru héa dugc tém tit trong bang 2.10:
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Bang 2.10 Piéu kién thuc nghiém cho qua trinh t6i wu héa phan g tring hop

o Ty & mol Nong do
TT | So thinghiégm (AM/NVP) monomer %
1 1:1 15
5 1:1 20
3 1:1 25
4 9 thi nghiém véi 115 b
5 | Cactylemolva 1:15 20
nong do monomer
5 khac nhau 1:1.5 25
7 1:2 15
g 1:2 20
9 1:2 25
10 1:15 20
11 3 thi ngrllém trung 115 20
tam
12 1:15 20

Sau khi tim duoc diéu Kién ti wu cho phan tng tring hop, tién hanh phan tng
vé6i diéu kién nay va so sanh véi két qua tinh toan duoc. Sau d6, chung duoc st dung
lam diéu kién dé tong hop vat liéu nano GO-P(AM-NVP).

% Xéc dinh anh huang cua thanh phan monomer va nong d6 monomer dén hiéu
suit tao copolymer:
Sau khi tinh ché cac san pham copolymer dugc can dé xac dinh hi¢u suat cua
cac phan ung.
Hiéu suit (%)= [MP(AM-NVP)/(mAM+mNVP)]x100 (2.4)

Trong d6: mP(AM-NVP), mAM, mNVP lan luot 1a khdi lwong ciia P(AM-
NVP) sau khi tinh ché, khéi lugng ctua don phan AM va don phan NVP (dung dé
chiéu xa).

2.3.3. Tong hep vat liéu nano GO-P(AM-NVP)

Cho 0.03 g GO hoa tan trong 30 mL nudc cat, tiép tuc cho 15.1 mg axit L-
ascorbic vao dung dich va khudy nhe ¢ 60 °C trong 60 phut thu dugc rGO. Dung dich
rGO nay duoc 1am ngudi va chuan bi sir dung ngay cho giai doan tiép theo. Cung Ilc
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d6, cho 0.03 gam copolymer P(AM-NVP) duoc tong hop theo cac diéu kién tdi wu

dugc hoa tan trong 50 mL nuéc trong 1 coc riéng biét va khudy trong 5 phat. Thém
tir tir dung dich rGO vao dung dich copolymer P(AM-NVP) va khudy trong 30 phiit.
Hon hop cua rGO va P(AM-NVP) duoc siéu am trong 30 phdt, tiép theo khuay hdn
hop qua dém & 60 °C. Sau d6 thém acetone vao dung dich va ly tam véi téc d6 5000
v/p trong 15 phut dé tao bong keo tu. San pham dugc dong kho va thu duoc vat liéu
nano rGO-P(AM-NVP) ran.
2.4. Quy trinh téng hgp vat liéu nano GO ghép polymer- GO-P(AM-PVP)

Quy trinh téng hop vat liéu Graphen oxide ghép polymer GO-(AM-PVP) duoc

mo ta khai quat nhu hinh 2.5 sau:

O\ _NHy

%CHZCH% %CHQ_C%
n 0Co y-
e O

PV

Phwong phap
Hummer bién

H
4 > _CH;
m (‘:H
N
OQ n

dor el o LA LI, GOrGO-P(AM-
Graphite Graphene PVP)

Oxide

GO

Hinh 2.5 Quy trinh téng hop GO-P(AM-PVP)

2.4.1. Chiéu xa trwéc polymer PVP

Polymer polyvinyl pyrrolidone sau khi déng goi trong tii PE voi khéi lwong
50g/ti duoc tién hanh chiéu xa st dung ngudn chiéu xa gamma %°Co vai lidu xa 20
KGy. Qua trinh chiéu xa duoc thuc hién tai Vién hat nhan Pa Lat cdng suat 4
KGy/vong, nguyén liéu PVP chiéu xa chay trong bang tai qua ngudn bic xa trong 5
vong. Véi liéu chiéu xa 20 KGy nay, san pham PVP sau khi chiéu xa khéng bi khau

mach, tan tét trong nuéc bién.
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2.4.2. Tong hep Polymer P(AM-PVP)

2.4.2.1. Téong hop P(AM-PVP)

Hon hop gom acrylamide (AM) duoc hoa tan trong nudc cat véi cac nong do
khac nhau va N-metyl pyrrolidone dugc dat trong cac binh phan ing da dugc suc khi
nito. Tiép theo dung dich duoc khudy véi toe d6 200 v/p va thém tir tir lugng PVP da
chiéu xa dén khi dat ndng d6 20%. Sau d6 gia nhiét hdn hop phan tmg dén 70 °C va
giit & cac thoi gian khac nhau (6, 7, 8 h). San pham thu duoc duoc rira sach va tinh
ché qua Soxhlet véi acetone dé loai bo PAM va hau hét cac monomer khong phan
ng. San pham copolymer P(AM-PVP) thu duoc say dong kho ¢ 50 °C. So do phan
ung trung hop gitra AM va PVP duoc minh hoa ¢ hinh 2.6. sau:

/
n n %CH C/H H .- G
N H,C AN Ha c’ -
. A0 AN AM -
h S ¢ bl —_— m N
Y -
Co y-ray Ny, H,0
70°¢C, Th AN
PVP 07 -

P(AM-PVP)

Hinh 2.6 Minh hoa qué trinh tring hop AM-PVP bang chiéu xa truéc tia gamma

Co che:
Y-ray S
VW CH,—CHWAN VW CH,—Cn N .
—_— + H
[
0—o0O
. |
VW CH,—Cwvv VWV CH,— Cvvwn
|
N o N o
+ 0, — < /\4
0—0 ?—OH
VWU CH,— G N VNN CHy—CHw N VW CH;—Cvvwn - VW CHy—Cvvwe
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9= A

. N
VW CH,—CA\ NN VNN CHy— G |
lll lll N C——CH,
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—CH n
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| | CH2:CH

V'V"CHZ—CJU'U\ VV‘CHZ—CJVV\ 2n
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(j‘)—’ i Dl ]

H2N
b o)
V\/‘CHz—Cl)JVV\
7
graft-copolymer homopolymer
Phan (mg ghép dugc thuc hién trong dung méi chi lam tan acrylamide va

polyvinyl pyrrolidone ma khdng lam tan san pham phan tng P(AM-PVP). Khi phan
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{rng tao ra cac goc peroxit POOP trén khung polymer. Khi gia nhiét ¢én nhiét d6 thich

hop cac géc POOP trén khung polymer bi phan hay tao céc gdc tu do c6 hoat tinh
hoa hoc cao va phan trng ghép xay ra.

Tuong ty nhu qué trinh ddng trung hop AM-NVP thi qua trinh dong triing hop
AM-PVP ciing bi anh huéng béi nhiéu théng s chang han nhu liéu chiéu xa, nong
d6 cia monomer, ty 1& mol giita 2 monomer...Bén canh liéu chiéu xa t6i wu da duoc
xéac dinh théng qua viéc xac dinh kha ning tan trong nudc cua san pham P(AM-PVP).
Ngoai ra, cac théng s quan trong anh huong dén qua trinh tring hop AM-PVP 1a
nong d6 ctia monomer va ty 1& mol gitta monomer AM va PVP. Qua trinh tring hop
tao polymer duoc tdi vu héa théng qua quy hoach thic nghiém truc giao cap 2 mo ta
su phu thudc cua d6 nhot polymer vao cac yéu té dau vao. St dung phan mém
Stargraphics X VIII dé thiét ké so thi nghiém (gom 12 thi nghiém trong d6 co6 3 thi
nghiém trung tam). Ty 1& mol giita AM va PVP (da chiéu xa) dugc khao sét tir 1/1
dén 2/1 trong khi néng do cua cac monomer thay doi tir 15-25% .

Piéu kién thuc nghiém vé ty 1& mol va nong d6 monomer dugc sir dung dé

t6i wu hoa phan tng tring hop AM-PVP duoc tom tat trong bang 2.11 sau:

Bang 2.11 Piéu kién thyc nghiém cho qua trinh toi wu héa phan g tring hop AM-

PVP
1 1:1 15
2 1:1 20
3 1:1 o5
4 9 thi nghiém voi 1:1.5 15
6 khac nhau 115 .
! 1:2 15
8 1:2 20
9 1:2 25
10 1:1.5 20




o1

11 1:1.5 20

3 thi nghiém trung
12 tam 1:15 20

Sau khi tim duoc diéu kién ti wu cho phan tng tring hop, tién hanh phan ¢ng
vé6i diéu kién nay va so sanh véi két qua tinh toan duge. Sau d6, chiing duoc st dung
lam diéu kién dé tong hop vat liéu nano GO-P(AM-PVP).
2.4.2.2. Khdo sat cac yéu té anh hwéng dén higu sudt phdan ieng polymer héa ghép

Sau khi tinh ché, c4c san pham copolymer dugc can dé xac dinh hiéu suit cua
cac phan ung.
Hiéu suat phan &ng (%)= [MP(AM-PVP)/(mAM+mPVP)]x100
Trong do: mP(AM-PVP) |4 khéi lugng caia copolymer P(AM-PVP) sau khi
tinh ché
mAM: khéi lugng cia monome AM
mPVP: khéi lugng cia PVP dung dé chiéu xa
% Khao sét thoi gian phan ung va liéu chiéu xa PVP dén hiéu suat phan ang.

Thoi gian thuc hién phan ang polymer hoa ghép duogc khao sat 1an luot & 3, 5,

7, 8 h. Liéu chiéu xa polymer PVP dugc khao sét lan luot 5, 10, 15, 20, 30 KGy.
X Khao sat thoi gian thuc hién phan tng polymer hoa ghép va nong do cua
monomer AM anh huong dén hiéu suat cua phan tng. Quéa trinh phan ang polymer
hoa ghép nay duoc tdi wu hoa thong qua quy hoach thuc nghiém tryc giao cap 2 mo
ta sy phu thudc caa hiéu suat phan tng vao cac yéu té dau vao. St dung phan mém
Stargraphics XVIII dé thiét ké s thi nghiém (gém 12 thi nghiém trong d6 c6 3 thi
nghiém trung tam). Thoi gian phan ung dugc khao sat tir 6-8 h trong khi nong do
monomer AM duoc thay doi tir 10-20 %.

Bang 2.12 Piéu kién thyc nghiém cho qua trinh phan ing polymer hda ghép AM-
PVP

Thai gian Nong do

TT So thi nghiém phan @ng (h) | monome AM %

1 6 10
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2 6 10

3 6 10

4 7 15
9 thi nghiém véi

5 géc ty 1€ mol va ! 15
nong do6 monomer

0 khéc nhau ! 15

7 8 20

8 8 20

9 8 20

10 7 15

11 3 thi ngrllém trung 7 15

tam
12 7 15

Sau khi tim duoc diéu kién ti wu cho phan tng tring hop, tién hanh phan ¢ng
Vvé6i diéu kién nay va so sanh véi két qua tinh toan dugc. Sau d6, chiing dugc st dung
lam diéu kién dé tong hop vat liéu nano lai GO-P(AM-PVP).

2.4.3. Tong hep vat ligu nano GO-P(AM-PVP)

Cho 0.03 g GO (da duoc tong hop theo quy trinh 2.4.1) hoa tan trong 30 mL
nudc cat, tiép tuc thém 15.1 mg axit L-ascorbic vao dung dich va khudy nhe & 60 °C
trong 60 phut thu duoc rGO. Dung dich rGO nay dwgc lam nguoi va chuan bi sir dung
ngay cho giai doan tiép theo. Cung luc d6, cho 0.03 g copolymer P(AM-PVP) (di
dugc tong hop theo cac diéu kién téi vu) hoa tan trong 50 mL nudc cat va khudy
trong 5 phat. Thém tir tir dung dich rGO vao dung dich copolymer P(AM-PVP) khuiy
hén hop trong 30 phut. Sau d6, hdn hop rGO va P(AM-PVP) dugc siéu am trong 30
phut, tiép tuc khuay qua dém ¢ 60 °C. Cudi cung, thém acetone vao dung dich va ly
tam & 5000 v/p trong 15 phat. San pham dugc sy dong kho va thu duoc vat liéu nano
GO-P(AM-PVP) rin.

2.5. Cac phwong phap phan tich dac trung héa ly cia vat ligu PMNPs, GO-
P(AM-NVP), GO-P(AM-PVP)

Cau trGc bé mit caa PMNPs, GO-P(AM-NVP) va GO-P(AM-PVP) dugc

nghién ctru théng qua quang phd hong ngoai bién doi Fourier (FT-IR) thuc hién trén
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may quang phd Equinonx 55 (Brucker, Purc) budc song tir 4000-400 cm™ tai Vién

Vit liéu Ung dung (VAST).

Thanh phan pha va ciu tric tinh thé cua vat lieu PMNPs, GO-P(AM-NVP)
va GO-P(AM-PVP) duoc xac dinh thong qua phuong phap nhiéu xa tia X (XRD)
thuc hién trén may do nhidu xa Siemens D5000 véi ngudn bic xa Cu, Ko ¢ buéc
song A la 1.54 A° tai khoa Cong nghé Hoéa hoc, truong BH Cong nghiép Tp. HCM.
Tat ca cac mau nhidu xa dugc ghi lai khi quét goc nhidu xa 26 tir 10-80 ° vai kich
thude budc nhay 14 0.02° va toe do quét 1a 5%/phit. Co so dit liéu caa trung tam quéc
té vé tiéu chuan nhiéu xa (JCPDS) dugc st dung 1am tai liéu tham khao xéac dinh peak
[111] va kich thuéc tinh thé vat ligu PMNPs dugc tinh bang phuong trinh Sherrer
[112] cho dinh cao nhat:

p=-"4 (2.5)

" Bcos@

Trong d6 D 1a kich thudc trung binh caa c4c hat, K 1a hé sé hinh dang, A: buéc
song tia X, B 1a d6 rong cua peak tai chiéu cao % peak, 0: goc nhiéu xa.

Phép do tan xa anh sang dong hoc, do kich thuéc thuy dong hoc (DLS) va thé
zeta cua dung dich PMNPs pha loang trong nuéc mudi duoc tién hanh trén may
Horiba SZ-100 tai vién Vat liéu Khoa hoc va Ung dung. Do tir hda bdo hoa cua vat
licu MNPs va PMNPs duoc kiém tra bang tir ké mau rung (VSM).

Hinh thai cua vat liéu MNPs va PMNPs duoc xac dinh bai kinh hién vi dién
tir truyén qua (TEM) trén kinh hién vi TOPCOM EMO002B (Nhat Ban) ¢ 200kV Vién
sinh hoc nhiét d6i Ha Noi. Phép do phan tich nhiét (TGA) xac dinh khéi luong vat
liéu bi sut giam theo nhiét 4o dé xac dinh d6 bén nhiét duoc tién hanh trén may phan
tich TGA Q500(TA Instruments, Newcastle, DE, USA) tai vién vat liéu Khoa hoc va
Ung dung. Qué trinh khir nuéc dudi 100 ml/ph caa khi N2 & 100 °C trong 0.5 h dau
dugc thuc hién dé loai bo hop chat dé bay hoi. Phép do tiép tuc véi qua trinh oxy hoa
mau bang cach chuyén khi N2 thanh khi hdn hop ¢6 dung tich 20 mL/phit O, va 80
mL/phat khi N2 va sau d6 ning nhiét d6 1&n 850 °C vai toc do 10 °C/phdit.

Ngoai ra, bai nghién ctu con sir dung kinh hién vi dién tir quét (SEM) véi may
SEM HITACHI S-4800 két hop véi thiét bi phan tich nguyén t6 EDX 1050 dé quan
st hinh thai vat lisu GO-P(AM-NVP) va GO-P(AM-PVP) va su phan b cac nguyén
t6 trong phan tr polymer trén bé mat GO. Tiép theo, sir dung may do sic ky tham
thiu gel cua Agilent Technologies (Agilent 1260 Infinity; GPC) tai phong vt liéu
nano vién Khoa hoc vat liéu Ung dung dé xac dinh trong lwong phan ti trung binh
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cua polymer P(AM-NVP). Nuéc khir ion dugc st dung 1am pha dong (2 mL/p) dé

phan tich trong luong phan tir va do phan tan da sic. Cac mau duoc loc bang mang
loc nudec GVWP kich thudce 16 0,2 pm truée khi tiém. Cac két qua SEM, SEM-EDX,
TGA, VSM duoc do tai vién sinh hoc nhiét d6i Ha Noi.

Dic diém vé lai hoa sp? hoic lai hoa sp® va cac nhém chac trong ciu tric
GONSs cua vat lieu GO-P(AM-NVP) va GO-P(AM-PVP) duoc tién hanh phan tich
bang phép phan tich phé Raman, st dung may Raman Horiba Xplora One tai vién
Khoa hoc vit liéu Ung dung.

Thanh phan hoa hoc va trang thai nguyén t cua céac vat lieu PMNPs, GO-
P(AM-NVP) va GO-P(AM-PVP) dugc xac dinh bai thiét bi quang phé quang dién
tir tia X (XPS) ESCALAB 250X| tai trudong DPai hoc Echeon, Han Quéc. Cong suat
cua tia X la 225.000 W, khoang quét tir 286.690 eV-1491.690 eV; kich thudc budc
nhay 1 eV, thoi gian dirng 100 ms, thoi gian quét 120 s.

2.6. Cac phuong phap phén tich hiéu qua ting cwong thu hdi dau
2.6.1. Panh gia @ 6n dinh nhiét va on dinh hoa hoc ciia PMNPs, GO-polymer

Tinh 6n dinh nhiét va 6n dinh hoa hoc cua chat 1ong nano PMNPs, cta hé phan
tan GO-Polymer dugc nghién ciru théng qua thi nghiém u nhiét trong 31 ngay va xac
dinh d6 nhét cua vat liéu sau u.

Véi chat long nano, du tién, PMNPs duoc phan tan trong nudc bién véi ndng
d6 1.000 ppm. Sau dé, dung dich PMNPs duoc thém vao nudc mudi di pha mé phong
theo thanh phan va tinh chat ciia nudc bién mo Bach H6 (Bang 3.2) dé thu dugc chat
long nano véi ndng d6 mong mudn va cho vao cac ampule u nhiét. Cac ampule chira
chat 16ng nano PMNPs (A) dugc t nhiét & nhiét ¢6 120 °C (nhiét d6 cua ting Miocene
moé Bach Ho). Cac ampule chira chat 16ng nano PMNPs (B) duoc u nhiét & nhiét do
135°C (nhiét 6 cua tang Oligocene mo Bach Hb) trong thiét bi ACE Glass-My. Sau
d6, cac dung dich trong ampule A va B dugc quan sat sy thay doi trang thai va sy
thay d6i d6 nhét sau khiu 0, 1, 3, 7, 14, 21 va 31 ngay.

Véi hé phan tan GO-Polymer, dau tién, copolymer, GO-P(AM-NVP) va GO-
P(AM-PVP) dugc phan tan trong nuéc mudi (pha md phong theo thanh phan va tinh
chat ctia nuwdc bién mé Bach Ho) véi ndng do 1% khdi luong. Tiép theo, chung duoc
pha lodng dén ndng do 0.1; 0.3; 0.5 va 0.7% khdi lwong va cho vao cac ampoule
nhiét. Cung lac d6, ching duoc 1am tro bang cach suc khi N2 dé ngan can qué trinh

oxy hda trong qua trinh u. Cac ampule véi dung dich copolymer P(AM-NVP) va
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P(AM-PVP) duoc dat trong 10 1 cua thiét bi ACE Glass -My ¢ nhiét d6 120 °C. Cac

ampoule chtra hé phan tan GO-P(AM-NVP) va GO-P(AM-PVP) duoc dat trong 10
& nhiét do 135 °C. Sau d6, cac chét long trong ampoule dwgc quan sat ngoai quan va
do do nhotsau khiu ¢ 0, 1, 3,7, 14, 21 va 31 ngay.

2.6.2. Panh gia kha ning thay d6i tinh dinh wét cia da via

Tac dong cua chat long nano PMNPs trong TCTHD duoc danh gia thong qua
kha niang thay doi tinh dinh uét cua da via bang phép do goc tiép xuc gitra bé mat lat
da va giot dau trong cac hé phan tan PMNPs 200 ppm-1000 ppm phén tan trong nudc
bién.

Trudc khi thir nghiém, mau dau thd duoc tron voi 10 % thé tich dau hoa va
tién hanh khao séat tinh dinh w6t trén may phan tich goéc tiép xic OCA-20
(Dataphysics, Btrc) tai Vién Khoa hoc Vit liéu, truong Pai hoc Bach Khoa TP. HCM.
Cuthé:

P4 lat duoc cat tir mau da cat két cua tang Oligocene mé Bach Ho6 cd kich
thugc 2 x 1 cm. Tiép theo, cac mau da s& dugc u trong dau thd (dugc lay tir mo Bach
Ho) & 135 °C trong vong mot thang dé 1am cho w6t dau. Sau do, cac mau da duoc lay
ra va chuan bi cho cac thi nghiém vé gdc tiép xdc trén may OCA-20. Cubi cing cac
lat da wot dau nay duoc nhiing vao chat long nano PMNPs & nhiét d6 phong ciing véi
d6 do chinh xac 5 pL mau dau thd va nap can than tir bé mat day cua lat d4 thong qua
dau kim 0.5 mm. Hinh anh giot dau trén bé mat da duoc ghi lai bang camera CCD
v6i d6 phan giai toi da, 768 x 576 pixel. Thiét Iap hé thiét bi do chi tiét dé do goc tiép

xuc duoc minh hoa ¢ Hinh 2.7:
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Hinh 2.7 Mdy do géc tiép xuc OCA-20

2.6.3. Panh gia kha ning giam sirc cing bé mit

Strc cang bé mat lién dién giira hai pha dau nuéc duoc thuc hién véi cac hé
chat long nano PMNPs ¢6 nong do tir 200ppm-1000ppm, trén may OCA-20 thang do
stre cang bé miat: 0,01-2000mN/m. D6 chinh xac: + 0.05 nN/m.
2.6.4. Panh gia kha nang tai sir dung cia PMNPs

Cac hat nano PMNPs sau thi nghiém 1t nhiét s& dugc thu hdi bang nam cham
va rira bang ethanol. Sau d6, cac hat nano nay duoc tai st dung dé danh gia do 6n

dinh nhiét va 6n dinh hda hoc véi quy trinh nhu duoc thé hién & muc 2.7.1.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Két qua tong hop vat liéu nano oxit sit tir bec polymer- PMNPs
3.1.1. Phan tich céu trac vat lieu PMNPs

Cau trdc bé mat cia PMNPs va OMNPs dugc nghién ciu théng qua quang
phd hdng ngoai bién d6i Fourier (FT-IR). Ngoai ra thanh phan pha va cau tric tinh
thé cua vat lisu MNPs va PMNPs dugc xac dinh bang phuong phap nhiéu xa tia X.
3.1.1.1. Phé héng ngoai FT-IR

(a) W i AN M
(b) - I\ i
\n i/ Al j\
= = / W = | 1) }
s ((b) s N-H C-N-C I [ |
; P | —c|
Q vV |
5 A ) 5 (B J
Z C-H ,g !
£
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2 (c) Vg g | /
2 ’: NC—H C=C \
= o - / C-0-C
OMNPs — PCM —— coo ‘
MNPs Fe—O ONM —— Fe-0+
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Wavenumber, cm™ Wavenumber, cm™

Hinh 3.1 Phé FT-IR ciia OA, MNPs, OMNPs, PMNPs

Phd FT-IR cia OA, OMNPs, MNPs dugc thé hién & Error! Reference source n
ot found.A. Ph6 IT-IR cia MNPs va OMNPs (Hinh 3.1Ac va Hinh 3.1 Ab) ¢ su
Xuit hién cua cac peak hap thu dic trung cia MNP & 600-500 cmt thé hién lién két
Fe-O [113]. Phé FT-IR cia OA (Hinh 3.1 Aa) va OMNPs (Hinh 3.1 Ab) cac dinh
hap thu xuét hién & 1700-1500 cm™ twong ¢ng véi dao dong kéo gidn cua lién két
C=C, cac dinh xuat hién & 2900-2800 cm™ twong g dao dong kéo gidn va sy lai
hoa sp® caa nhém chtc -CHa- [113]. Ngoai ra cac dao dong kéo gidn cua lién két
C=0 cua OA tring véi dao dong kéo gian cua lién két C=C ¢ ving séng 1700-1550
cm,

Pho FT-IR cia OMNPs va PMNPs duoc thé hi¢n & hinh 3.1B. Ph6 FT-IR cua
OMNPs (Hinh 3.1 Ba) c6 sy xuat hién cua cac peak hap thu dic trung cia dao dong
kéo gidn khong dbi xtimg va d6i xting cua -COO-Fe ¢ ving séng 1350-1550 cm™
chang to 16p axit oleic di dugc boc thanh cong trén bé mat hat nano FesOs. Pho FT-
IR ctia PMNPs (Hinh 3.1 Bb) & viing song 1600-1500 cm'* gan nhu khéng xuét hién
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peak dic trung ciia C=C. Piéu d6 chiing t6 rang phan tng ddng tring hop dugc thyuc

hién triét dé va thuc té khong con monomer du. Phd FT-IR cua PMNPs ciing ¢ su
Xuat hién cac peak hap thu dic trung cta dao dong kéo gién thé hién lién két -NH- va
C=0 cua AM ¢ vung séng 3200-3100 cm™ va 1750-1700 cm [114]. Ngoai ra con
c6 sy Xuét hién cac peak dic trung cia NVP & ving song 1550-1500 cm* (dao dong
kéo gian cua lién két C-N-C), 1250-1200 cm* (dao dong kéo gidn cua lién két C-N)
va 850-800 cm (dao dong kéo gidn cung chiéu va nguoc chiéu cua lién két C-C)
[114]. Piéu nay ching té rang NVP da duoc boc thanh cong trén vat lieu MNPs, két
qua nay ciing phu hop vai bao cao trude do cua Uranta [115]. Tuy nhién, cac giao
dong kéo gidn cua cac ndi doi ¢ ving séng 1650-1600 cm', twong ng Vi cac don
phan acrylamide va N-vinylpyrrolidone khéng xuat hién trong ph6 caa PMNPs. Su
vang mit cua cac don phan nay cho thay ring cac monomer da phan tng hét trong
phan tng polymer hoa [113]. Nhu vay, phd FT-IR da thé hién tt ca cac thanh phan
trong cau tric cua vat liéu nano cau tric 16i vo. Piéu dé ching to chiing toi da tong
hop thanh cong vat liéu PMNPs (FesO4/(AM-NVP).

Bang 3.1. Cac peak va lion két trong vat liéu PMNPs

TT Vit liéu Peak (cm™) | Lién két | Ghicha
1 OMNPs, PMNPs 1350-1550 | -COO-Fe
2 PMNPs 3200-3100 N-H
3 PMNPs 1750-1700 C=0
4 PMNPs 1550-1500 | C-N-C
5 PMNPs 1250-1200 C-N
6 PMNPs 850-800 c-C




59
3.1.1.2. Nhiéu xg tia X cia vt liéu MNPs va PMNPs

(311) PMNP3(B)
= OMNP3(B)
——— MNPYB) |

A (311) ~— PMNPs/(A| B
~~"OMNPs(A)

(440)

(440)

(511)

Intensity (a.u)
Intensity (a.u)

1 L3 T 1
20 30 40 50 60 70 20 30 40 50 60 70
20, degree 20, degree

Hinh 3.2. Gidn dé nhiéu xq tia X cia MNPs, OMNPs va PMNPs (MNPs duoc tong
hop bang phirong phdp dong két tia (A), va bang phirong phdp thiy nhiét (B))

Error! Reference source not found. 1a gian d6 nhiéu xa tia X caia cac vat liéu M
NPs, OMNPs va PMNPs vi MNPs dugc tong hop theo phuong phap dong két taa
(A) va theo phuong phéap thay nhiét (B). Két qua cho thay rang tat ca cac vat liéu déu
¢ su xuat hién cua 6 peak dic trung cua FesOs & cac goc 2 theta = 30,3°, 35,6°,
43,3°,53,9°, 57,5° va 62,9° twong g VGi cac mat phang (220), (311), (400), (422),
(511), (440) [116]. Piéu d6 chung t6 rang da tong hop thanh cong MNPs va c6 thé
thay rang 2 phuong phap tong hop khac nhau nhung cau tric cua vat liéu khong thay
doi.

Kich thudc tinh thé twong dbi ciia FesOs trong MNPs va PMNPs duoc tinh
toan thong qua phuong trinh Sherrer tai dinh nhiéu xa 2 6=35.6° twong tng la 12 nm
va 11 nm. Thay rang kich thugc tinh thé giam nhe khi cac MNPs dugc boc bang axit
oleic va copolymer NVP-AM cho thay c6 su cai thién vé do phan tan cia MNPs va
do @6 giam xu hudng két tu cua cac hat [116], [117]. Ngoai ra, két qua XRD cua vat
licu MNPs va PMNPs c6 sy trong déng nhau cho thay ciu tric tinh thé cua vat lidu
khi boc thém polymer (AM-NVP) khong bi thay doi.
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3.1.1.3. Phan tich nhiét trong luweng cua copolymer P(AM-NVP) va PMNPs
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Hinh 3.3. Két qua TGA cua (a) copolymer P(AM-NVP)
(b) vt ligu PMNPs B véi MNPs duoc tong hop bang phwong phdp thily nhiét
(c) vdt ligu PMNPs A véi MNPs duwoc tong hop bang phwong phdp dong két tua

Error! Reference source not found. thé hién két qua phan tich nhiét trong |
uong cua copolymer P(AM-NVP) (Error! Reference source not found.a) va hai vat
licu NP FesO4 (MNPs) duoc tong hop bang hai phuong phap dong két tia va phuong
phap thay nhiét sau d6 duogc phu polymer (Error! Reference source not found.b va
Error! Reference source not found.c). Két qua cho thay rang véi copolymer c6 ba
lan sut giam khdi lwong, lan dau tién sut giam khoang 13.2 % khéi luong & nhiét do
160 °C c6 thé duoc giai thich do su bay hoi ctia nudc va cac chat dé bay hoi. Sy sut
giam khdi luong & giai doan 2 khoang 11.2 % & nhiét d6 1én t6i 330 °C lién quan dén
s phan huy caa cac monomer . O giai doan cudi cing, khdi luong giam 59.2 % &
450 °C c6 thé 12 do P(AM-NVP) da phan hiy hoan toan. Toan bd mau copolymer
(AM-NVP) phai bj phan huy it nhat 40 % & 350 °C [114]. Déi véi két qua TGA cua
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NP Fes04 duoc boc polymer (Hinh 3.3b) su hién dién cua copolymer P(AM-NVP)

trong cau tric nanocomposite cia vat liéu dan dén nhiét do phan huy ting cao hon.
Giai doan sut giam khéi luong dau tién 1a khoang 1.9 % & 180 °C so véi 160 °C ban
dau. O giai doan tht hai khéi lwong sut giam khoang 3.92 % & nhiét 6 310 °C, diéu
nay co thé duoc giai thich do sy bay hoi ciia cAc monomer. Hai giai doan sut giam
tiép theo khoang 4.05 % ¢ 540 °C va 6.67 % & 740 °C c6 thé do cac chat déng tring
hop P(AM-NVP) bi phan hay va ham luong cua cac PMNPs B giam xudng con 83
%. Tuong tu, két qua TGA & Hinh 3.3c, dbi véi cac PMNPs A duoc boc polymer, su
c6 mit cua chat déng tring hop P(AM-NVP) trong cau trc vat liéu nanocomposite
dan dén nhiét 6 phan hay ban dau cao hon. Khéi lwong sut giam & giai doan dau tién
khoang 3.8 % & 220 °C, s0 vé&i ¢ 160 °C d6i vai copolymer gdc. Giai doan tiép theo,
su giam khéi luong 12 4.9 % & nhiét 6 360 °C, diéu nay co thé 1a do su bay hoi cua
c4c monomer. Hai giai doan sut giam khdi lugng tiép theo 1a khoang 1.8 % & 430 °C
va 8.7 % ¢ 550 °C c6 thé dugc giai thich do cac chat dong tring hop (AM-NVP) phan
hity. Ham luong cua PMNPs A giam xudng con gan 81 %. Chung to rang khdi luong
cuia MNPs khong thay doi nhiéu trong diéu kién qua trinh phan tich nhiét trong luong.
Do d6, su mat mét chinh 1a do sy sut giam khdi lugng cua chat dong tring hop. C6
thé wéc tinh rang phan tram khdi luong caa copolymer duoc phi 1én MNP 1a khoang
10.7 % ddi véi PMNPs A va 10.5 % d6i voi PMNPs B. Nhu vay chiing té rang
copolymer (AM-NVP) di dugc boc trén bé mat MNPs.

3.1.1.4. Két qud phan tich quang phé quang dién tir tia X (XPS)

Trang thai hoa hoc va trang thai dién tir caa cac nguyeén to ton tai trong PMNPs
dugc xac dinh boi quang phd quang dién tir tia X (XPS) dugc thé hién ¢ hinh 3.4.
Két qua XPS cho biét dinh tinh, ban dinh luong va hda tri nguyén tb ciia cac nguyén
t6 bé mat. Két qua pho ¢ hinh 3.4a da xac nhan co sy xuat hién cua nguyén t Fe2p,
Ols, Cls va Nls. Diéu nay chang to trong vat lieu PMNPs ¢6 sy hién dién cta bén
nguyeén té Fe, O, C va N. Trong pho cua nguyén t6 Fe trong PMNPs, viing Fe2p dugc
phan tach thanh 4 peak nhu thé hién & hinh 3.4b. C6 2 dai phé nim & ving ning
lwong 722.25 va 708.3 eV tuwong ung Véi 2pa» va 2pse xac dinh s ¢d mat cua Fedt
va Fe?*. Hai peak yéu con lai & viing ning lwong 717.6 va 732 eV la cac peak vé tinh,
biéu thi do tinh khiét va su hinh thanh thanh cong pha FesOs trong vat liéu nano
PMNPs. Dai phd Ols va Cls do phan giai cao duoc thé hién & Hinh 3.4c va d. Dai
phé O1s (Hinh 3.4c) bao gdm 3 peak phan bé ¢ ving ning luong lan luot 1a 530.5,
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529.35 va 527.55 eV, duoc gan cho anion oxy (O%) trong FesOa, trong oleic axit va
lien két C=0 cua NVP va AM. Dai phd cua C1s (Hinh 3.4d) bao gém 3 peak phan
bd & ving ning luong lién két lan luot 1a 282.15; 283.4 va 286.05 eV dugc gan cho

C lai hoa sp®(Csp?) trong chudi cacbon, Csp? trong lién két C-O cua axit oleic va Csp?

trong lién két C=0 ciia NVP va AM tuong tng. Bén canh cd, dai phd caa N1s (Hinh

3.4€) xuét hién & mirc nang luong lién két 398.9 eV lién quan dén N* trong NVP va

AM. Nhirng tin hiéu nay ciing twong tu nhu mdt bao céao trudc do [118].
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Hinh 3.4. Phé XPS ciia PMNPs (a) va pho XPS cia Fe2p (b), O1s(c), C1s (d), N1s

(e) va s phan bo nguyén té cia PMNPS

3.1.2. Kich thwoc va hinh théi hat

Kich thuéc va hinh thai hat caa vat liéu MNPs va PMNPs dugc phén tich thong

qua kinh hién vi dién tir truyén qua TEM. Kich thudc thay dong hoc cua vat liéu duoc

xac dinh thong qua phuong phap tan xa dong hoc DLS. Kha nang phan tan cua vat

liéu trong nudc bién duge x4c dinh thong qua phuong phap do thé zeta.
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3.1.2.1. Kinh hién vi di¢n ti¢ truyén qua (TEM)

Hinh 3.5. Anh TEM cia MNPsA (a) va MNPs B (b); Anh TEM cia PMNPSA(c) va
PMNPsB(d)

Hinh 3.5 thé hién anh TEM cta MNPs duoc tong hop theo phuong phap dong
két tua (Hinh 3.5a) va MNPs duoc tong hop bang phuong phap thuy nhiét (Hinh 3.5c¢)
va cac NP duoc boc polymer: PMNPs A (Hinh 3.5b) va PMNPs B (Hinh 3.5d). Anh
TEM caa MNPs (Hinh 3.5 a va c) cho thiy céc hat FesO4 khi chwa duoc boc polymer
phan tan khdng tét cha yéu két tu, cac hat dang hinh cau véi kich thude hat twong
ung khoang 12 + 2nm va 10 + 2nm. Kich thuéc hat FezO4 nay nhé hon so véi kich
thudc FesOa trong nghién ctru tong hop FesOs pha polymer Oleic Acid and Cis-1,2-
Cyclohexanedicarboxylic Anhydride (14 nm) di dwgc cong bd truée d6 [106]. Su
khac biét vé kich thudc MNPs thu duoc 12 do st dung hai phuong phap dong két tua
va phuong phap thaty nhiét. Theo Mizutani va cong su [119] qué trinh tao mam cua
cac hat nano FesOx tién trién nhanh chong trong giai doan dau caa qua trinh tong hop
thay nhiét dan dén su hinh thanh céc hat tinh thé nho hon khi ty 1& mol cua
Fe(11)/Fe(111) 12 0.25 hozc 0.5. Do vay, qué trinh tong hop can phai thém nhanh luong
NH4OH. Vi qué trinh tong hop thay nhiét duoc thuc hién ¢ nhiét do va &p suat cao
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nén tranh duoc hién tugng phan ng cuc bo tai bé mat hé phan ung. Trong khi do,

qua trinh tong hop dong két taa nhiét do phan &ng va &p suat thap hon cho phép qua
trinh tao mam cua cac hat nano Fe3Oy4 tién trién cham hon va khéng kiém soat duoc
kich thuéc din dén cac hat két tinh & ving 16n hon va phan bé rong hon. So véi cac
hat nano FesO4 khong boc polymer, cac hat nano PMNPs phan tan tt dwoc thé hién
Hinh 3.5b va Hinh 3.5d, chi ra tac dong cua cac maxtric polymer xung quanh, lam
cho sy tuwong tac giita c4c hat nano oxit st tir giam. Céc hat nano MNPs tong hop
theo phuong phap dong két tia dugc boc polymer dugc goi 1a PMNPs A, va MNPs
t6ng hop theo phuong phap thiy nhiét duoc boc polymer duoc goi 1a PMNPs B ciing
c6 kich thudc khac nhau twong ung la 16 nm va 13 nm. Kich thuéc MNPs boc
polymer ting 1én & hai mau c6 thé duoc giai thich 1a do do day caa polymer boc vao.
Diéu d6 ciing chirng minh rang su thanh cdng trong viéc bao phu MNPs bang céac
polymer AM-NVP théng qua oleic acid. Sy ¢ mat ctia cac nhom chic cia AM-NVP
trong cau tric cia PMNPs ciing da duoc chirng minh bang phan tich quang pho hong
ngoai FTIR. Bén canh d6, kich thudc hat cia MNPs dugc xac dinh tir anh TEM gan
bang véi kich thude dugc tinh toan trong nghién ciu phd nhiéu xa tia X ciing cung
cb thém dac tinh caa vat liéu. Ngoai ra két qua phan tich nhiét trong luong TGA cho
PMNPs ciing chi ra rang phan tram khéi luong cua polymer duoc pha 1én MNPs 14
khoang 10.7 % ddi véi PMNPs A va 10.5 % d6i vai PMNPs B.

3.1.2.2. Tan xa déng hoc va thé zeta
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Hinh 3.6. Phan bé kich thudc hat DLS va thé zeta ciia PMNPs véi MNPs tong hop
theo phirong phdp dong két tiia (4) va phirong phdp thuy nhiét (B) trong nuwéc bién

Hinh 3.6 thé hién két qua DLS va thé zeta cia PMNPs A va B trong nuéc bién.
Sy phan bé kich thudc thiy dong luc hoc ciia cic PMNPs phén tan trong nudc bién
duoc xac dinh thong qua phép do DLS. Hinh 3.6 va b cho thdy sy phan b kich thuéc
thiy dong hoc cia PMNPs A tir 40 nm- 140 nm va caa PMNPs B tir 40 nm -130 nm.
Kich thuac thay dong hoc trung binh cuia PMNPs A va B 1a 76 nm va 68 nm vaéi cac
chi s6 PI lan luot 1a 0.398 va 0.214. Piéu d6 cho thiy rang tinh don phan tan cua
PMNPs trong nudc bién [120]. Cac hat PMNPs B thé hién su phan tan trong nuéc
bién tét hon so voi PMNPs A. Biéu nay ciing phit hop vai két qua TEM ¢ trén. Ngoai
ra gia tri dién thé zeta am cao cuaa PMNPs B trong dung dich nuéc bién sau khi o
nhiét thay doi tir -150mV ban dau thanh -75 mV sau khi @ nhiét 15 ngay va -45 mV
sau 31 ngay u nhiét so véi -75 mV, -40 mV va -30 mV tuong ung cua PMNPs A cho
thay tinh 6n dinh cua cac hat nano tir tinh duoc boc polymer ciia cdc PMNPs B. Ngoai
ra, két qua nay tt hon nhiéu so véi két qua dién thé zeta -26 mV t6i -30 mV dat dugc
& bai bao cao tuong tu vé chat long nano caa vat lidu citric boc nano oxit sat tir [51].
3.1.3. Pic trung tir tinh caa vat liéu PMNPs

, Dbac trung tir tinh caa vat liéu PMNPs duoc phan tich thdng qua phéan tich tur
ke mau rung VSM
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Hinh 3.7. Két qud VSM cizia MNPs va PMNPs véi MNPs tong hop theo phirong
phdp dong két tia (4) va phirong phdp thiy nhiét (B)

Tinh chit tir cia MNPs duoc téng hop bang hai phuong phap va PMNPs cua
ching & nhiét d6 phong duoc biéu thi qua d6 thi VSM thé hién & Hinh 3.7 (A, B). Ca
hai mau déu dugc tiép xdc véi vat ligu siéu thuan tir voi tir hda giam tir gié tri 6n dinh
xudng 0 khi loai bo tir truong. Két qua cho thay cac MNPs tran c6 d tir hda béo hoa
(Ms) 1a 69 emu/g d6i v6i mau MNPs A va 53 emu/g ddi véi mau MNPs B . Trong
khi d6 d6 tir héa bdo hoa caia PMNPs A va PMNPs B 1a 42 emu/g va 39 emu/g. Viéc
giam gia tri Ms cta cA&c MNPs duoc boc polymer la hop ly vi hiéu ung tu tinh ty 1é
thuan véi luong tir tinh c6 trong vat liéu. Luc khang tir caa MNPs va PMNPs lan luot
la 35,2 va 38,1 trong khi d6 tir du cua céc vat lidu nay 14 2,9 va 4,4 emu/g. Diéu nay
chang t6 ra cac vat lieu MNPs va PMNPs c6 cac tinh chit tir twong ty nhau biéu thi
trang thai siéu thuan tir dugc duy tri tot sau khi MNPs duoc boc polymer [120], [115].
Ngoai ra tinh nang tir tinh 12 mot thudc tinh quan trong cua vat liéu tong hop dé cai
thién tinh kinh té cua céc hoat dong thu hoi dau do chiing dé dang duoc thu hoi sau
khi str dung.

3.1.4. Két qua t6i wu hoa qua trinh polymer héa
Quaé trinh boc polymer AM-NVP vao vat liéu MNPs s& duoc tdi wu hoa theo %

polymer duoc boc vao MNPs. Két qua thi nghiém duoc thé hién ¢ Bang 3.2:
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Bang 3.2. Ma trdn ké hoach truc giao cdp hai cia phdn i#ng polymer hoa

- Gt'ha;C” Gi4 tri ma hoa Ham myc
' ' tiéu, YoMcopo
Zy | 4> Xo X1 X2 | XiXe | Xq X,
1 80 8 1 1 1 1 0.33 | 0.33 8.91
2 60 8 1 -1 1 -1 0.33 | 0.33 9.14
3 80 6 1 1 -1 -1 0.33 | 0.33 7.62
4 60 6 1 -1 -1 1 0.33 | 0.33 421
5 80 7 1 1 0 0 0.33 | -0.67 6.69
6 60 7 1 -1 0 0 0.33 | -0.67 5.34
7 70 8 1 0 1 0 -0.67 | 0.33 9.98
8 70 6 1 0 -1 0 -0.67 | 0.33 9.13
9 70 7 1 0 0 0 |-0.67|-0.67 9.35

3 thi nghiém bd sung tai trung tam véi két qua thu duoc:
Yo =9.35%; Y, =9.52%; y,, =8.88% . Phuong sai:

: )2
Z(yOU - yo)
u-1

3-1

2

s2 = =0.2198

Céc hé s cua phuong trinh hdi quy va sai s6 cua chung duoc tinh toan nhu
sau:
bo = 7.8189; b1 = 0.755; b, = 1.1783; b1o = -0.91; b1; = -2.6188; by, = 0.921
Sbo = 0.1563; Sp1 = 0.1914; sp2 = 0.1914; sp12 = 0.2344; sp11 = 0.3312; sp22 = 0.3314

Y nghia cua cac hé sé trong phuong trinh hdi quy duoc kiém dinh theo tiéu
chuan Student:
to = 64.6; t1 =5.06; t2 =8.06; t12 = 4.94; t11 = 10.36; t22 = 4.48
Céc gi4 tri nay déu 16n hon t0.05(2)= 4.43 do d6 khong c6 hé s nao bj loai.
Phuong trinh hoi quy :
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y =7.8189+0.755x, +1.1783x, —0.91x,X,, — 2.6188x +0.921X,

=7.8189+0.755x%, +1.1783x, —0.91x,X, — 2.6188(xf —gj+ 0.921(x§ _Z]
3 3

Do d6 phuong trinh hdi quy véi c4c bién thuc nhu sau:

T-70 T-70 T-70
+1.1783(t—7)—0.91 t—7)—2.6188
=) (t=7) 091t -7) [

Bé mit dap tng vé % copolymer boc 1&n trén MNP theo nhiét do T va thoi
gian phan tng t duoc thé hién ¢ hinh 3.8.

%m,, ,, =Y =7.8189+0.755(

co—po

, 2 , 2
) ~51+0921~7)" 7]
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Hinh 3.8. Bé mgt dap iing %m AM-NVP boc 1én MNPs

Pé t6i uu hoéa phan trim khdi luong caa copolymer duoc boc 18n MNPs, gia
tri ham muc tiéu %mco-po Vai T < [60;80] VA t < [6;8]dd duoc xac dinh bang cach lay

dao ham riéng va giai hai phuong trinh tim cac gia tri T va t & cac vi tri cuc tri.

o(%m _
% - 0.0755—0.091(t—7)—2-6188X2(%) =0 r-7025
o {t ~6.37

ﬁpo) =1.1783-0.091(T —70)+0.921x 2(t-7) =0

%mco-po (T,t) dugc tinh tai gia tri cuc tri nhu sau:

%Meco-po (70.25; 6.37)= 8.6 %

%Meopo (70.25; 6) =8.72 %

% Mco-po (70.25; 8) =11.04%

%Meco-po (60; 6.37) =10.01%

%Meo-po (80; 6.37) =10.05 %

%Mco-po (60; 6) =85%

%Mco-po (60; 8) =8.64 %
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%Mco-po (80; 6 =8.85%

ObMeopo (80; 8)  =9.38 %

Tir cac tinh toan trén, diéu kién cho phan ang polymer hoa 1a ¢ 70,25 °C va

thoi gian phan ¢ng 12 8 gid. Phan trim khéi lugng co-polymer dugc boc vao MNPs

la 11,04 %. Qua trinh polymer héa duoc thyc hién & 70 °C va 8 h dé so sanh véi két

qua tinh todn. Va phan traim khdi lwong cua copolymer duoc boc 18n MNPs la

11,0135%. Két qua nay phu hop vai két qua tinh toan. Két qua tinh toén tir phan mém
stagraphics Centurion :

Optimize Response
Goal: maximize % polymer coated

Optimum value = 11.0135

Factor Low |High |Optimum
Temperature |60.0 [80.0 [69.6892
Time 60 |8.0 8.0
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Hinh 3.9. Két qud t6i weu héa phan g polymer hda bang phan mém Stargraphics

T6m lai, dé t6i wu hoa qua trinh boc polymer AM-NVP vao vat liéu nano oxit
sat tir thdng qua cau ndi 12 acid oleic (OMNPS) thi thuc hién phan &ng polymer héa
& diéu kién 70 °C trong thoi gian 8 h. Phan % copolymer AM-NVP duoc boc vao l1a
11,0135 %.
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3.1.5. Panh gia kha ning wng dung trong TCTHD cua vat liéu nano oxit sat tir

boc polymer-PMNPs
3.1.5.1. Pdnh gid khd ning phén tin ciia hé PMNPs trong nwéc bién

Hinh 3.13 cho thay khi phan tan vat liecu PMNPs vao trong dung dich nudc
bién véi cac ndng do 1 %, 2 %, 3 %, 4 %, 5 % déu cho kha nang phan tan tét va 6n
dinh. Két qua nay ciing dugc chirng minh trong phép do DLS ¢ trén. Diéu nay ching
t6 vat liéu on dinh va phan tan tét trong nudc bién, co thé sir dung 1am chat bom ép
trong TCTHD.

Hinh 3.10. Két qud toi wu héa phan 1ng polymer hoa bang phan mém Stargraphics

3.1.5.2. Pdnh gid tinh bén nhiét va bén hoa hec cia chat léng nano PMNPs

On dinh & nhiét 6 cao 1a mét trong nhiing yéu t6 quan trong khi tmg dung
PMNPs trong moi trudng via. Cac dung dich hoéa chat bom ép ngoai gian khoan dic
biét 1a nham TCTHD bj luu gitt mot thoi gian dai trong via. Néu sir dung cac dung
dich bom ép c6 d6 bén nhiét va d6 6n dinh hoa hoc khong phu hop vai diéu kién via,
ching s& bi phan huy, giam cap din dén giam hiéu qua, tham chi ling dong gay tic
mao dan trong d4 via [121]. Do d6, viéc xac dinh kha nang 6n dinh nhiét cua vat liéu
nanocomposite PMNPs bang phuong phap u 14 can thiét dé danh gia tinh ha cip caa
n6 dac biét 1a trongTCTHD. Theo yéu cau ky thuat cua Lién doanh VietsoPetro thoi
gian u ¢ nhiét d6 via la 31 ngay. D6 nhaot dong luc hoc caa dung dich PMNPs A va
PMNPs B phan tan trong nuéc bién & cac nong do khic nhau nhu 1a mot ham cua

nong d6 dugc thé hién & bang 3.3:
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Bang 3.3. g nhét ciia PMNPs A va B phdn tan trong niedc bién tai cac nong dé

khac nhau
Nﬁng do (ppm) 200 400 600 800 1000
Pj nhét A 2.20 2.45 2.52 2.73 2.97
(cP) B 2.20 2.47 2,55 274 | 296
Po6 nhdt cia PMNPs phén tan trong nudc bién
35
3 —e—PNMINPs A PMINPs B —
5 —
95
S 2
Nel
o)
15

1

100 200 300 400 500 600 700 800 900 1000 1100

Nong d6 PMNPs (ppm)

Hinh 3.11. 6 th biéu dién dg nhét ciia PMNPs A va PMNPS B ¢ cac nong do

Bang 3.3 va hinh 3.11 cho thay rang vat lieu PMNPs A va vt lieu PMNPs B
& cling cac ndng d6 nhu nhau thi do nhét xap xi nhau, khéng cé su khac biét nhiéu.
Dua vao tinh chat cua da via va diéu kién nhiét do caa taing Miocene va Oligocene &
mo Bach H6 va uéc tinh chi phi vat liéu nano composite. Dung dich PMNPs A va
PMNPs B végi nong @6 600 ppm (bang 3.2) di duoc chon cho thir nghiém a nhiét ¢
120 °C va 135 °C twong tng.
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Hinh 3.12. Dé thi biéu dién dé nhét ciia PMNPs A va PMNPs B ¢ cac nong do

Hinh 3.12 a, b thé hién d6 nhét va ngoai quan caa dung dich PMNPs A
600ppm phan tan trong nuéc bién duoc t & 120 °C va 600 ppm PMNPs B phan tan
trong nudc bién dugc u ¢ 135 °C trong 31 ngay. Hinh 3.12a cho thay dung dich
PMNPs A 600 ppm khi 1 nhiét & 120 °C trong 14 ngay c6 do nhét va ngoai quan gan
nhu khong thay d6i. Tuy nhién, sau 21 ngay va 31 ngay, do nhét cua dung dich giam
lan luot 1a 8,81 % va 13,66 %. Diéu d6 ching t6 viéc ting d6 nhét cua nude bom ép
bang céch thém polymer hoic nhu trong nghién ctiru ndy Ia sir dung cac hat nano boc
polymer duoc thiét ké phi hop s& cai thién duoc ty I linh dong cua chét 16ng bom
ép theo hudng thuan loi hon. Do d6 hiéu qua queét doc va quét ngang tang 1én so vai
phuong phap bom ép nude don gian. Thay rang dau trong tat ca cac mo o tang
Miocene bé Ctru Long c6 d6 nhét trung binh va thap tir 0,6-5 cP [122]. D6 nhét cua
dung dich PMNPs A 600 ppm khi u nhiét & 120 °C trong 31 ngay van & mirc 1,96 cP
(Hinh 3.11a) nam trong ving do nhét cua dau, ching té do nhét van pha hop dé tng
dung trong TCTHD. Diéu d6 ciing xac nhan rang d6 nhét cua dung dich chat long
nano PMNPs s& ngay cang giam néu duoc st dung & nhiét do cao hon vi du nhu tang
Oligocene mé Bach Ho. Vi vdy, chét long nano dya trén PMNPs B vai tinh 6n dinh
nhiét va héa hoc tuyét voi cia né co thé duoc sir dung dé giai quyét van dé nay. Hinh
3.12b cho thay dung dich chat léng nano PMNPs B 600 ppm trong thar nghiém  nhiét
cho két qua tét & 135 °C trong 31 ngay c6 do nhét va ngoai quan gan nhu khong thay
d6i chizng to c&c chat phan tan 6n dinh nhiét va 6n dinh héa hoc trong diéu kién tinh
tuong tuw nhu trong cac mo & ting Miocene va Oligocene mé Bach Ho. Theo két qua
nay cho thiy nanocomposite PMNPs B 600 ppm 6n dinh nhiét hon so véi dung dich
nanocomposite PMNPs A 600 ppm (135 °C so véi 120 °C). Hon nira két qua phan
tich nhiét trong lugng TGA ¢ muc 3.1.1.3 ciing chi ra rang vat lieu PMNPs B 6n
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dinh nhiét hon so vé&i vat lieu PMNPs A. Céc tinh chat nay buéc dau dap ung yéu

cau 6n dinh nhiét cho céc ttng dung TCTHD tai cAc mo & tang Miocene va Oligocene
mo Bach Hé.
3.1.5.3. Pdnh gid khd nang lam thay doi tinh dinh wét ciia dd via va giégm SCBM
lien dién cia dung dich chdt léng nano PMNPs

Kha ning 1am thay déi tinh dinh w6t cua da via cua dung dich chét long nano
PMNPs duoc xac dinh théng qua su thay d6i gdc tiép xlc gitta giot dau thé trong
dung dich PMNPs véi mau da cat két cia moé Bach H6. Hinh 3.13 thé hién su thay
d6i goc tiép xdc va strc cang bé mit lién dién cua giot dau thd trong chit long nano
PMNPs & c4c nong do khac nhau. Két qua chi tiét dugc tom tat trong bang 3.4, Két
qua cho thay rang, bat ké & nong d6 PMNPs nao goc tiép xlc cua giot dau trén bé
mit da cat két mo Bach Ho trong chat long nano PMNPs pha lodng ludn cao hon goc
tiép xtic quan sat duoc trong dung dich nuéc bién md phong (27 d6) cho thiy tac
dong tich cuc cua vat liéu nano tir tinh boc polymer trong viéc thay doi bé mat da cat
két chuyén tir Ky nudc sang wa nudc. Két qua nay cling phi hop véi mot vai nghién
ctru trude d6[123], [124].

Bdng 3.4. Do thj biéu dién d nhét ciia PMNPs A va PMNPS B ¢ cac nong dé

PMNPs Khéi lweng riéeng | P nhét | Goc tiép xdc SCBM
Nong d§ (ppm) (g.cm?) (cP) ©) (NN.m™)

0 1.026 - 27 62.53

200 1.026 2.23 78 48.25

400 1.026 2.24 86 42.87

600 1.027 2.43 93 32.87

800 1.027 2.54 103 24.53

1000 1,027 2.55 126 12.64
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Hinh 3.13. Anh huéng cua nong dé PMNPS téi goc tiép xic va SCBM lién dién

Sy thay d6i tinh dinh w6t ndy c6 thé 1a do sy hap phu va co ché tu sip xép cua
c4c hat nano 1én bé mat da ran dan dén thay doi nang luong tu do bé mat [125][24].
Két qua cho thay khi ting nong d6 dung dich PMNPs tir 200 ppm, 400 ppm, 600
ppm, 800 ppm, dén1000 ppm thi goc tiép xuc ciing ting tir 78°, 86°, 93°, 103° Ién
126° chitng to kha nang thay di tinh dinh wét cua bé mat da cat két cua dung dich
PMNPs tir wa dau sang ua nudc so véi dung dich nwdc mudi bom ép khong chira
PMNPs. Ngoai ra, sirc cang bé mat lién dién caa dau thd va hé chat long nano suy
giam dang ké khi ting ndng do PMNPs tir 0-1000ppm. Piéu nay co6 thé duoc giai
thich 1a do cac hat nano ty sap xép trén bé mit lién dién giira hai pha dong vai tro 1a
chat hoat dong bé mat ran va ching hap phu 1&n bé mat [am giam SCBM [126].
3.1.5.4. Ddnh gid khd néing thu héi va tai sir dung ciia PMNPs
Dung dich chat long bom ép chita PMNPs sau khi st dung c6 thé thu hoi va
tai su dung dua vao dac tinh dac trung caa vat liéu PMNPs la no co tur tinh. Vat liéu
PMNPs la vat liéu c6 16i 1a FesOq 12 vat liéu vo co, néu bi gitr lai trong via sau qué
trinh khai thac ciing c6 thé gay hai dén via. Ngoai ra, néu dau thd sau khi khai thac
tir via c6 1an mot lugng PMNPs dU rat nho thi ciing 1am giam chat lwong san pham

do ching c6 thé gay an mon dong co, an mon thiét bi. Vi vy viéc danh gia kha ning
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thu hoi va tai s dung cuaa vat liéu PMNPs gitp viéc khai thac dau mot cach hiéu qua

va mang tinh kinh té.
« KNhd néng thu hoi va tai sir dung cua vdt liégu PMNPs
Hinh 3.14 Ia hinh anh vé ngoai quan cua vat liéu PMNPs sau khi thu hoi va tai

sur dung

Taisiwdung | Taiswdung | Taisiwdung | Taisirdung

STT Ban dau . . \ \
lan 1 lan 2 lan 3 lan 4

MNPs

PMNPs

Hinh 3.14. Ngogi quan cua dung dich MNPs va PMNPs sau khi tai s dung

Sau qua trinh @ nhiét & 135 °C, hiéu suat thu hoi PMNPs khoang 55 % so véi
ban dau. Hinh 3.14 cho thiy d6 6n dinh cia MNPs va PMNPs sau khi sir dung. Dic
biét dung dich PMNPs van phan tan tét sau lan sir dung tht tu con dung dich MNPs
thi khdng. Sau lan st dung tht hai, cac MNPs c¢6 xu huéng két tu lai. Diéu nay xay
ra do su hién dién caa céc ion hoa trj II ¢ trong nudc bién dic biét 1a nuéc bién co
d6 man va do ciing cao cia mo Bach H6, ngoai ra do tinh 6n dinh héa hoc kém cua
MNPs c6 thé dan dén sy két tu. Con PMNPs giam su két tu do c6 lyc déy tinh dién
va khéng gian do 16p copolymer duoc phu 18n bé mat MNPs. Thi nghiém nay cho
thdy PMNPs 12 vat liéu tiém ning dé sir dung trong TCTHD & via c6 diéu kién khic
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nghiét cé nhiét do cao va d6 man cao. Ngoai ra, kha nang tai su dung cua vat liéu

PMNPs con thé hién ¢ su 6n dinh vé do nhét va SCBM caa dung dich.
Tién hanh khao sat do nhot va SCBM cua chét 1ong nano PMNPs 600 ppm
cho két qua ¢ bang 3.5 sau:

Bang 3.5. Sirc cing bé mat lién dién va dé nhot cua chat long nano MNPs va
PMNPs sau khi thu hei va tai si dung

Sirc cing bé mat Do nhot (cP)

STT ,

IE}%T]C MNPs | PMNPs | Nwéc bién MNPs PMNPs
Ban diu | 34.1401 | 32.9654 | 32.8754 |  0.98 1.12 243
Taiswr | 409411 | 329701 | 328723 | 0.99 1.11 2.41
dung lan 1
Taisr | 411408 | 32,9682 | 32.8712 | 1.01 1.09 2.40
dung lan 2
Taiswr | 411403 | 32.9601 | 32.8718 | 1.00 1.08 241
dung lan 3
Taisw | 411400 | 32.9702 | 32.8703 |  0.98 111 2.42
dung lan 4

Két qua & Bang 3.5 cho thay ca MNPs va PMNPs déu 6n dinh va c6 thé sir dung
lai. Strc cang bé mat va do nhét cua ca hai vat liéu thay doi khong dang ké khi duoc
tai phan tan trong nudc bién. Pay 1a mét loi thé cua vat lisu PMNPs khi trién khai
quy mé cdng nghiép. Diéu ny c6 ¥ nghia vé kinh té va bao vé méi trudng.

Nhu vay, kha nang tng dung caa vat liéu nano oxit st tir boc polymer- PMNPs
trong TCTHD d3 duoc nghién ctu thong qua viéc danh gia dé 6n dinh nhiét va 6n
dinh hoéa hoc cua chat 1ong nano PMNPs bang phuong phap  nhiét ¢ nhiét do 123
°C va 135 °C twong ung véi diéu kién nhiét do cua tang Miocene va Oligocene mo
Bach Ho. Két qua khao séat cho thay vat lieu PMNPs 600ppm 6n dinh nhiét va hoa
hoc khi u ¢ nhiét d6 123 °C va 135 °C sau 31 ngay va phu hgp tng dung trong
TCTHD. Ngoai ra, tiém ning ng dung trong TCTHD cua vat liéu PMNPs ciing duoc
nghién ctru thdng qua kha niang 1am thay di tinh dinh w6t cia da via va giam stc
cang bé mat lién dién giita hai pha dau nudc. Két qua khao séat cho thay dung dich
PMNPs c6 thé lam tang goc tiép xUc tir 27° 1&én 126°. Diéu nay din dén bé mat cua d4




77
via chuyén tir Ky nude sang wa nudc va dau cd thé duoc loai bo d& dang khi bom ép

dung dich nuéc bién c6 chira PMNPs vao via. Ngoai ra PMNPs ciing cho thay kha
nang tai st dung sau khi xt ly bang ethanol va gan biang nam cham. PMNPs van phan
tan tét va on dinh nhiét cho dén lan sir dung thtr tu. Két qua nay cho thay vat liéu
nano oxit st tir boc polymer -PMNPs 12 mot ¢ng ctr vién tiém ning dé dinh hudng
str dung trong TCTHD tai via dau xa bo nhiét do cao, d6 cimg, d6 mudi cao cta nudc
bién.

3.2. Két qua tong hop vat ligu GO-P(AM-NVP)

Mic du da nghién ctru thanh céng vat liéu nano oxit sat tir boc polymer va
khao sat kha niang ung dung ching trong TCTHD dat nhiéu két qua kha quan nhu:
Lam thay d6i tinh chat cua da via tir wot dau sang w6t nuéc; lam giam SCBM lién
dién giira hai pha dau nudc tir d6 tang thém hé sé thu hoi dau. Tuy nhién dung dich
chat léng nano PMNPs lam ting d6 nhot chat long bom ép rat it, co ché chinh cua
TCTHD la kha ning tu sip xép lai cua cac hat nano cai thién céc tinh chat cua da via
va chat luu.

Trong khi d6 bom ép polymer van la céng nghé chi dao dugc dung trong
TCTHD. Vi vay, véi mong mudn tong hop mot hé nano composite polymer ng dung
trong TCTHD c6 thé cai thién ty sb linh dong giira hai pha dau/nudc, qua trinh tong
hop dat hiéu suét cao, c6 tinh kha thi va san pham 6n dinh trong méi truong via co
nhiét 6 cao, nude bién co do mudi cao va chira nhiéu ion da héa tri. Chlng tdi tiép
tuc nghién cau hé vat liéu méi 1a hé dung dich polymer AM-NVP gin 1én GO va hé
dung dich polymer AM-PVP gan 1én GO.

3.2.1. Khao sat anh hwéng cia lidu chiéu xa tia gama téi san pham P(AM-NVP)

Tién hanh chiéu xa cac monomer AM va NVP véi liéu chiéu xa 2, 5, 10, 15
KGy. Két qua khao sat anh huang cuaa lidu chiéu xa tia gama t6i san pham copolymer
P(AM-NVP) thé hién ¢ Bang 3.6 sau:

Bang 3.6. Anh hwong cua liéu chiéu xg gama téi san pham P(AM-NVP)

Liéu chiéu xa

Copolymer Két qua
(kGy)
D¢ phan tan, dung dich loang, do
2 nhét thap
P(AM-NVP) 5 D& phan tan, d6 nhét cao

10 Kho phén tan
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15

Khéng phén tan

Két qua cho thay ¢ liéu chiéu xa 2 KGy cho san pham copolymer dé& phan tan,
nhung dung dich san pham lodng, do nhot thap. Piéu nay c6 thé duoc giai thich do
lidu chiéu xa chua du 16n nén lugng gbc tu do tao ra trong hé chua du nhiéu nén san
pham tao ra ¢ khéi luong phan tir bé, 6 nhét thap. Trong khi d6 chiéu xa liéu chiéu
xa 10 KGy va 15 KGy thi cho san pham copolymer kh6 tan va khéng tan duoc trong
nudc do san pham bi khau mach tao gel. Khi chiéu xa ¢ liéu 5 KGy thi cho san pham
copolymer c6 kha ning tan t6t trong nude bién va c6 do nhot cao. Ngoai quan cua

copolymer thé hién & hinh 3.15. Nhu vay, trong luan &n nay ching toi chon liéu chiéu

xa 12 5 KGy cho phan tng tong hop copolymer P(AM-NVP).

Hinh 3.15. Copolymer P(AM-NVP) sau khi tinh ché (a) va copolymer P(AM-NVP)

phdn tdn trong nwéc bién

3.2.2. Khao sat anh hwéng caa thanh phan va ndéng dd monomer dén hiéu suat
san pham, trong lwgng phan tir va dd nhét copolymer P(AM-NVP)

Két qua khao sat anh huong caa thanh phan va nong ¢6 monomer AM va NVP

dén hiéu suat copolymer P(AM-NVP) dugc thé hién ¢ Bang 3.7 sau:
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Bang 3.7. Anh hwéng cua thanh phan monomer va nong dg dén hiéu sudt san pham

va trong lwong phan tu

Tt | Nt o
(%okl) | (%) (10°u) (10 u)
0.8/1 25 94.4 2.89 11.80
15 87.7 2.61 8.65
1/1 20 80.3 2.31 8.28
25 80.6 3.33 7.08
15 84.5 2.58 5.09
1.5/1 20 82.4 3.65 8.46
25 84.7 3.27 6.14
15 80.0 3.08 7.09
2/1 20 80.7 3.46 8.14
25 80.9 3.40 8.78

Bang 3.7. cho thay anh huong cua ty 16 mol AM/NVP va ndng do monomer
dén hiéu suat va khdi luong phan tir ciia copolymer P(AM-NVP). Két qua bang nay
chi ra rang hiéu suat san pham va trong lugng phan tir ting 1én khi ting néng do
monnomer & mét ty 1é mol ¢é dinh. Ngoai ra, hiéu suat san pham va khéi lugng phan
tir S& tré nén 6n dinh & ty 16 mol 2/1 va ndng do 20-25 % trong lwong. Twong tu, anh
huong cua ty 16 mol AM/NVP va ndng ¢6 monomer dén d6 nhét caa san pham duoc

minh hoa trong Bang 3.8 sau:
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Bang 3.8. Anh hwong cua ty 16 mol(AM/NVP) va néng dé monomer dén dg nhét cua

san pham

o Nong do P nhét (cP)/ nong dd (%kl)
Tyle mol | onomer

(AMRVPY ooty | 01 | 03 | 05 | 07 | 10| 15

0.8/1 20 204 | 3.15 3.68 4.99 5.95 | 9.67

15 1.86 | 2.75 3.30 3.76 | 5.60 | 6.20

1/1 20 161 | 3.04 3.79 435 | 5.79 | 7.57
25 2.15 | 3.37 4.46 545 | 7.45 | 14.68
15 1.67 | 3.12 3.37 442 | 578 | 8581
1.5/1 20 231 | 4.22 4.88 6.69 | 8.89 | 18.15

25 1.82 | 3.14 4.01 474 | 6.63 | 10.99

15 1.67 | 2.75 3.11 342 | 466 | 7.77
2/1 20 221 | 3.57 4.63 6.20 | 8.70 | 18.97
25 1.92 | 3.20 4.94 6.10 | 8.55 | 18.79

Cho dén nay, hau hét cac phan tng tring hop tién hanh bang céc phan tng
héa hoc dua trén su khoi mao thong thudng hoic xuc tac két hop véi kich hoat bang
nhiét [127]. Trong qua trinh tring hop gdc tu do do birc xa gay ra, budc khoi mao
khong phu thudc vao nhiét ¢ va nang lugng kich hoat tong thé nho hon nhiéu so voéi
qua trinh khoi mao bang chit héa hoc [128]. Qua tat ca cac budc khao sat thu duoc
san pham copolymer véi hiéu sut cao, do tinh khiét cao va khéng chira tap chat.
3.2.3. Téi wu héa qua trinh tong hop copolymer P(AM-NVP)

Dua vao két qua bang 3.8 cho thay dung dich polymer P(AM-NVP) 0,5 % trong
luong c6 do nhét trung binh trong khoang 4,6-4,9 cP phi hop véi dau thd cua mo
Bach Ho. Do d6, dai d6 nhét nay duoc st dung 1am dau vao cho qua trinh tdi wu hoa
duogc thé hién o bang 3.9:
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Bang 3.9. Gid tri dg nhét cuia dung dich polymer 0,5 % khéi lirong & cdc diéu kién

trung hop khac nhau

T 1¢ mol Nong do bo “h"”otl d;‘e‘f dich
(AM/NVP) | monomer (% ki) 0’5p%yk| (cP)
15 3.30
1/1 20 3.79
25 4.46
15 3.37
20 4.83
20 4.88
1.5/1
20 4.91
20 4.88
25 4.54
15 3.11
2/1 20 4.63
25 4.91
Bang 3.10. Két qud toi wu héa
Nhin t6 Thap Cao Téi uu
Nong d6 monomer (%KkI) 15.0 25.0 23.19
Ty 18 mol 1.0 2.0 1.71
Do nhét téi wu (cP)
(0.5 % kl dung dich copolymer) >0z
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Nhan t6 Thap Cao Téi wu

y =-9.135 + 0.989667a + 3.13667b

Phuong trinh hoi quy 0.0237a2 + 0.064ab — 1.35b?
Phuong sai R?2=0.91
Hé sb twong quan r =0.954

Trong d6 a, b va y 1an luot 1a ndng do cua monomer, ty 1é mol va do nhét ti
wu cua dung dich copolymer 0.5 % khéi lugng.

Estimated Response Surface

Viscosity 0.5% (cP)

2

1.8
1.6

15 f
17 19 21 23 s AT Ratio

Concentration (%)

Hinh 3.16. Bé mdt ddp ing do nhét cuia dung dich copolymer 0.5 % khéi Liong

Hé sb tuong quan thu duoc r = 0.954 va hé sb xac dinh R%=0.91 1a twong d6i
cao. C4c gi4 tri cua r va R2 cho thay sy gidng nhau gitra két qua du doan va két qua
thir nghiém. Diéu d6 ciing chirng minh rang phuong trinh hdi quy dwoc sir dung dé
t61 wu hoa da mé ta chinh xéac dir liéu thuc nghiém [129]. Ngoai ra, viéc tinh toan bé
mat dap ung khi sir dung phan mém Stargarphics trong hinh 3.16 ciing chi ra rang
c4c gia tri ty 16 mol monomer (AM/NVP), nong d6 monomer tbi uu va do nhét cua
dung dich chira 0,5 % khdi luong copolymer téi wu thu dwoc lan luot 12 1,71; 23,19
% trong lwong va 5,02 cP. Qua trinh tong hop copolymer sau d6 dugc thuc hién theo
diéu kién t6i wu trén va do nhét ¢ cac ndng do khac nhau dugc thé hién ¢ bang 3.11.
sau:
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Bang 3.11. P nhét cua dung dich polymer ¢ diéu kién téi wu & cac nong dg khac

nhau

Néng a3 (% ki) | 0.1 0.3 0.5 0.7 1.0 1.5

Ponhét(cP) | 224 | 415 5.01 6.89 8.83 | 17.16

Két qua chi ra rang d6 nhét caa dung dich tai nong d6 0,5 % khdi luong sau
khi dugc téng hop tir cac diéu kién téi vu c6 d6 nhét 12 5,01 cP gan twong duong véi
d6 nhat tinh toan (5,02 cP).

3.2.4. CAc dic trung Iy héa ciia P(AM-NVP) va GO-P(AM-NVP)
3.2.4.1. Két qud FTIR ciia P(AM-NVP) va GO-P(AM-NVP)

- /

Transmittance

NH, C-H CONH,
c=C
(a) P(AM-NVP)
= (b) NVP
c) AM

4000 3500 3000 2500 I 20IOO ‘ 15|00 I 10|00 I 500
Wavenumber (cm—)

Hinh 3.17. Phé FT-IR ciia P(AM-NVP) (a), NVP(b) va AM(c)

Sy ¢6 mat cia NVP va AM trong copolymer dugc xac nhan théng qua phd
FT-IR & hinh 3.17. Céac dao dong ¢ dai hap thu buéc séng tir 1320-1293 cm™ twong
g v&i dao dong kéo dai khong d6i xing cia nhdm C-N- C cua cac vong NVP ching
t6 rang cd sy xuat hién cua NVP trong ciu trac vat liéu, diéu nay ciing phu hop véi
bao cao trudc day ciia Uranta [115]. Ngoai ra cac dai hap thu dic trung cho nhom
carbonyl C=0 1a cac dao dong kéo dai & s6 soéng 1660-1650 cm™ cua phd P(AM-
NVP) thé hién ¢ hinh 3.17a dugc quan sat thay trong AM tuong tu nhu méot bao céo
khac [130]. Ngoai ra, cac dai xuat hién & s6 song 3361-3298 cm® cua phd FT-IR
P(AM-NVP) tuong (rng voi cac dao dong kéo dai cua lién két -NH- khong d6i xing
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ctia amit so cAp (NH2) phd hop véi mot bao céo trude d¢6 [131]. Tuy nhién dao dong

gidn dai tai budc soéng 1612 va 1629cm™ cua lién két doi C=C tuong tng vai cac
nhém chuc cua acrylamide va N-vinylpyrrolidone khong xuat hién trong phé cua
P(AM-NVP). Si viang mit cua cac nhom chirc nay cho thay ring cac monomer da
duoc loai boé hoan toan khoi copolymer sau phan ang [127].

Céc peak va lién két twong tmg duoc thé hién ¢ bang 3.12. sau:

Bang 3.12. CAc peak va lién két cua vt liéu

TT Vit liéu Peak (cm™) | Lién két | Ghicha

1 | AM, NVP, P(AM-NVP) | 2900-2800 CH Csp-H

2 AM, P(AM-NVP) 3361-3298 N-H Amine
3 AM, P(AM-NVP) 1660-1650 | C=0 | Amide
4 NVP, P(AM-NVP) 1320-1293 | C-N-C

5 AM, NVP 17001650 c=C

X\
, c=0 C-N-C\
N /’ Cc-O
C-H
c=C

Transmittance

(a) GO-P(AM-NVP)
— (b) P(AM-NVP)

4000 l 35|00 | 30100 l 25|00 ' 20|00 ' 15|00 ' 10|00 ' 500
Wavenumber (cm)
Hinh 3.18. Phé FT-IR ciia GO-P(AM-NVP) (a), P(AM-NVP) (b), GO(c)

Phé FT-IR caa nanocomposite GO-P(AM-NVP), copolymer P(AM-NVP) va
GO xéc nhan su hién dién caa P(AM-NVP) trén GO duoc thé hién ¢ hinh 3.18. Nhin
vao phd FT-IR ciia P(AM-NVP) ta thay rang c6 sy xuat hién cac peak ¢ dai song
3361-3298 cm™ twong Gng V4i cac dao dong kéo dai cua lién két -NH- khong dbi
xang ctia nhém NH; so cap. Con & phd FT-IR caa GO-P(AM-NVP) va GO ¢6 su
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xuat hién céc peak ¢ cac dai sng & 3450-3350 cm™ thay vi céc dai song ¢ 3361-3298

cm® diéu nay c6 thé giai thich rang cac dai 3450-3350 cm™* twong ng Véi dao dong
kéo dai cua nhém O-H ciia GO. Hon nita, trong phd GO-P(AM-NVP) céc lién két N-
O duoc hinh thanh gitta cac chit ddng tring hop va GO 1am cho amit so cap bi loai
bo, do d6 céc tin hiéu ciia NH trong phd FT-IR bién mat hozc bi chong 1ap véi dao
dong kéo dai cua lién két O-H. Trong khi nhitng peak quan sat duoc ¢ 2900-2800
cm® va 1090 -1110 cm™t ¢6 lién quan dén dao dong kéo gidn cua lién két Csp3-H(-
CH>-) va dao dong k éo dai cua nhém C-O tuwong ng. Céc peak xuat hién ¢ céi dai
buéc séng 1660-1650 cm™ dic trung cho lién két C=0 (nhém carbonyl) dugc quan
sat thiy trong AM [130]. Ngoai ra c4c peak xuat hién & dai séng 1320-1293 cm'!
trong phé FTIR ciia GO-P(AM-PVP) va P(AM-NVP) la dao dong kéo dai khong déi
xang cua nhdm C-N-C cua cac vong cia NVP ching té rang NVP da duoc ghép
thanh cong trén vat liéu nay, diéu nay phi hop voi tai liéu [115]. Pac biét cac peak
Xuat hién & cac dai séng 1550-1500 cm™ cua phd FTIR GO-P(AM-NVP) twong tng
Vé6i cac dao dong kéo dai cua lién két N-O. Céc lién két nay duoc hinh thanh gita
copolymer (N) va GO (O), xac nhan rang P(AM-NVP) di duoc lién két cong hoa tri
véi GO.

Bang 3.13. Két qud FTIR ciia GO-P(AM-NVP), P(AM-NVP), GO

STT Vit li¢u Peak (cm?) | Lién két Ghi chd
1 GO 3500-3400 O-H
2 GO 1700-1650 C=0 Carboxylic
3 GO 1650-1550 c=C Ring
GO, P(AM-NVP),
4 2900-2800 C—H Csp*-H
GO-P(AM-NVP)
5 P(AM-NVP) 3361-3298 N-H Amine
6 P(AM-NVP) 1660-1650 C=0 Amide
7 | NVP,P(AM-NVP) | 1320-1293 C-N-C NVP ring
8 AM, NVP 1700-1650 c=C
Lién két giita P(AM-
9 | GO-P(AM-NVP) | 1550-1500 N-O
NVP)
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3.2.4.2. Phé Raman ciia GO va GO-P(AM-NVP)

Hinh 3.19 thé hién phé Raman cua GO va GO-P(AM-NVP). Cé thé quan sat
thy rang ca hai phd déu xuét hién hai peak dic trung cuia graphene tai dai D voi budc
song 1361 cm™ cua GO va 1336 cm™ cua GO-P(AM-NVP) duoc giai thich do céc
khiém khuyét cu trac véi lai hda sp® tir cac nhom chuc oxy va tai dai G véi budc
séng 1592 cm™ cua GO va 1582 cm™ cia GO-P(AM-NVP) chi ra su lai hoa sp? hodc
lien két C=C trong cau tric GO [132], [133].

Két qua ciing chtimng minh duoc su chic ning hoa oxy tot trén cac cau truc GO
lam tang tinh 6n dinh cua chiing trong pha nudc trong qua trinh TCTHD. Cac nhom
oxy lam cho GON 6n dinh. Do d6 viéc c6 cac nhoém chic oxy nhé c6 thé dan dén 1am
bit cac 16 mao quan cua GO. Hon nita, khdng c6 su khac biét dang ké giita hai phd
Raman. Tuy nhién, gia tri Io/lc cia GO va GO-P(AM-NVP) lan luot 12 0.92 va 1.13
diéu nay cho thay rang cac phan tir copolymer dugc ghép 1én GO 1am tang cac khuyét
tat cuc bo va rdi loan trong GO.

D Band © Band

l/lg = 0.92 GO

(@)

Intensity (a.u.)

I/lg=113
(b)

GO-P(AM-NVP)

—(a)GO
—— (b) GO-P(AM-NVP)
T T T T T T T
500 1000 1500 2000 2500

Raman shift (cm™)
Hinh 3.19. Phé Raman cia GO va nanocomposite GO-P(AM-NVP)

3.2.4.3. Anh SEM ciia P(AM-NVP) va GO-P(AM-NVP)
Hinh thai bé mat cua vat liéu P(AM-NVP) va GO-P(AM-NVP) duoc phan tich
thong qua kinh hién vi dién tir quét (SEM).



1.00um IMS-NKL 5.0kV §.2mm x50.0k SE(M) 1.00um BME4U

Hinh 3.20. Anh SEM cuia copolymer P(AM-NVP) (a, b) va nanocomposite GO-
P(AM-NVP)

Anh SEM cua copolymer P(AM-NVP) va GO-P(AM-NVP) duoc thé hién &
hinh 3.20. Anh SEM cho thay rd vé hinh thai caa vat liéu vai cau tric dang hinh que
(hinh 3.20 a, b). Nhiing céu triic nay dugc hinh thanh bai sy lién két chat ché giira
cac chudi polymer co kich thuéc khoang 100-200 nm. Tuy nhién, khi gan P(AM-
NVP) Ién GO tao thanh GO-P(AM-NVP) c6 thé thay su phan tan 6n dinh ctiia polymer
(soi trang) trén bé mat tim GO ¢ hinh 3.15c¢. Piéu nay ciing chi ra rang polymer da
dugc ghép thanh cong 1én cac tam GO. Két qua nay phd hop véi két qua phan tich
Raman ¢ trén.

Bé mit vat lidu va thanh phan nguyén té trén bé mat vat liéu GO-P(AM-NVP)
dugc phan tich thong qua phuong phap quang pho khuéch tan ning luong tia X két
hop véi kinh hién vi dién tir quét (SEM-EDX).

Element Weight%  Atomic%
C 60.17 66.80
o} 39.83 33.20

Totals 100

! 50um ' Electron Imaae 1

Hinh 3.21. Két qud SEM-EDX ciia GO-P(AM-NVP)

Hinh 3.21 13 két qua phan tich thanh phan nguyén t6 bang SEM-EDX cua GO-
P(AM-NVP). Két qua cho thdy chua co sy xuat hién caa nguyén tir nito trong GO-
P(AM-NVP). Piéu nay cé thé giai thich rang phan traim khdi luong cua cac nguyén

tir nito trong hai monomer nho hon muc giGi han phat hién cia may va cac monomer
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nay ciing dugc lién hop véi GO-phan tir chira nhiéu nguyén tir cacbon va oxy. Do do,

mac di cac nguy@n tir nito ¢ thé thoét ra trong GO-P(AM-NVP) nhung chiing chiém
mét lwong rat nho so vai cac nguy@n tir cacbon va oxy va do d6 khong nhin thiy dugc
trong phan tich SEM-EDX. Tuy nhién khi phan tich anh 4nh xa SEM vé ciu trac dut
gdy ciia GO-P(AM-NVP) thi cho thdy c6 su xuat hién cua nito.

Hinh anh anh xa nguyén t6 cia GO-P(AM-NVP) ddi véi oxy, cacbon va nito
duoc thé hién trong hinh 3.22 cho thiy su phan b cua cac nguyén tir nito trén bé mat
GO (Hinh 3.22d) twong dbi phong pht va dong nhat. Két qua anh xa nguyén t6 SEM
nay chirng minh rang céc chit ddng tring hop — copolymer da duoc lién két thanh
cdng trén bé mit GO.

Hinh 3.22. Anh &nh xa SEM Vé cdu triic dirt gay cua GO-P(AM-NVP)(a);
Anh &nh xa nguyén té ciia GO-P(AM-NVP):(b) oxy; (c) cacbon; (d) nito
3.2.4.4. Két qud phan tich quang phé quang dién tir tia X (XPS)

Thanh phan hoa hoc va trang thai nguyén té cua vat lisu GO-P(AM-NVP)
dugc xac dinh bai quang phd quang dién tir tia X (XPS) thé hién ¢ hinh 3.23. Ky
thuat XPS cho biét dinh tinh, ban dinh lwgng va hoa tri cia cac nguyén té cé trong
vat liéu.

Két qua phd o Hinh 3.23a cho thdy ngoai su xuat hién cua peak C1s & ving ning
lwong lién két 285 eV va O1s ¢ 532 eV dic trung cua GO, con c6 sy xuat hién mot
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peak mai & vung nang luong lién két 400 eV duogc phét hién trong GO-P(AM-NVP)

duoc quy cho N1s [134]. biéu nay chang to trong vat liéu GO-P(AM-NVP) c6 su
hién dién cua 3 nguyén t6 C, O, N va ciing ching to rang di gin thanh céng
copolymer AM-NVP Ién GO.

Cls
Cls
b e (€0
Ols
: 3
= s
= .;‘
= o
3 5
= Nls =
JL_H
I 1 T 1 T T T T T T M
1400 1200 1000 800 600 400 200 280 282 284 286 288 290 292
Binding Energy (eV) Binding Energy (eV)
d N ls_...l\' pyrrole

Intensity (a.u)
Intensity (a.u)

N graphite

T T T T T T T T T
528 530 532 534 536 538 396 308 400 402 404

Binding Energy (eV) Binding Energy (V)

Hinh 3.23. Phé XPS ciia GO-P(AM-NVP)(a) va phé XPS cia Cl1s(b), 01s(c),
N1s(d)

Trong phé cua nguyén té C1s do phan giai cao trong GO-P(AM-NVP) duoc phan
tach thanh 4 peak nhu hinh 3.23 b phan b ¢ ving nang luong lién két 284.8e V;
285.7 eV; 286.8eV va 288eV duoc gan cho C lai hoa sp3(Csp®) trong chudi cachon
(C-C), Csp?trong lién két C-O cua GO, lién két C-N méi hinh thanh va Csp? trong
lien két C=0 cua NVP va AM twong ung [134], [135].

Dai pho O1s va N1s do phan giai cao dugc thé hién & hinh 3.23 ¢ va d. Dai phd
Ols (Hinh ¢) duoc phan tach thanh 2 peak phan bb ¢ vung ning luong lién két
531.9eV va 533.2eV duoc gan cho lién két C=0 caa NVP va AM va HO-C cua GO
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[136]. Dai phd N1s (Hinh 3.23d) bao gom 2 peak phan bb & ving nang luong lién

két 1an luot 12 400.3eV va 401.9¢V dugc gan cho nito pyrrole va nito than chi lién
quan dén N® trong NVP va AM. Nito pyrrole dung dé chi N lai h6a sp? lién két voi
hai nguyén tir Csp? va mot nguyén tir H tao thanh mot di vong 5 canh cua NVP. Nito
than chi dung dé chi mot nguyén tir N lai hoa sp? lién két véi ba nguyén tir C lai hoa
sp? lién ké tao thanh di vong sau canh khéng lién hop. Két qua nay ciing pht hop Véi
mot bao cao trude do6 [134].

3.2.5. Panh gia kha ning wng dung vat liéu GO-P(AM-NVP) trong TCTHD

& Ddnh gid dé bén nhiét va bén hoa hoc cua vt liéu GO-P(AM-NVP)

Trong co ché TCTHD d4 trinh bay trong phan tong quan, d6 nhét cao cua dung
dich polymer gitp cai thién ty s6 linh dong dau/ nudce. Do 6, chi s6 vé dot nhét dugc
quan tdm nghién ciu trudc tién trong cac yéu cau (ng dung bom ép polymer dé
TCTHD.

Ngoai ra, cac y&u cau vé do 6n dinh nhiét va on dinh héa hoc caa cac tac nhan
bom ép 1a bat budc dé ting dung trong méi truong via xa bo co nhiét do cao, nuéc
bién c6 ¢6 mudi cao va nhiéu ion da hoa tri. Sy c6 mat cua cac ion hoa tri hai trong
nuéc bién da 1am giam mitc d6 hap thy nude cua vat liéu va ciing 1a nguyén nhan 1am
giam do nhét cia dung dich P(AM-PVP) va GO-P(AM-PVP) so véi nude thuong.

Theo tac gia Stahl G.A., Moradi-Araghi [137] polyacrylamide bi thay phan
trong mai truong nudc bién, cac polymer nay khi bi thity phan thuong bi két tua boi
c4c ion hda tri 2 nhu Ca?* va Mg?* két qua lam giam ndng do polymer hoa tan trong
dung dich va lam giam d¢ nhét cua dung dich, trong méi treong nhiét do cao phan
ung thuy phan xay ra nhanh hon.

Co ché 140 hod lam giam d6 nhoét cia polyacrylamide ciing nhu
polyacrylamide thuy phan duoc tac gia G.A.Stahl va A. Moradi-Araghi [137] ly giai

theo phan ng:

—l—Hzc—I:H } R — { H,C——CH } e { CHZ—TH—]—
L|“,=G rl:o c=0
l\|lH2 CLE:I— HiFEJ C|}Ca
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Panh gia so bo V& do bén nhiét va bén hoa hoc dugc thuc hién thong qua khao

sat do nhét va quan sat ngoai quan trong qué trinh G dung dich ¢ nhiét do via trong
thoi gian 31 ngay.

Dua trén kich thudc mao quan cua da via ¢ tang Miocene va Oligocene mo
Bach H6 va uéc tinh chi phi caa nanocomposite, P(AM-NVP) va GO-P(AM-NVP)
Vv6i ndng do lan luot 12 0.5 % va 1.0 % khéi lwong (d6 nhét cia chung duoc thé hién

& bang 3.14) duoc chon cho thir nghiém u nhiét.

Bang 3.14. PG nhét cua hé phan tan GO-P(AM-NVP) trong mieéc bién ¢ cac nong

do khac nhau

Nong do (% kl) | 0.1 0.3 05 0.7 1.0 15

Ponhét (cP) | 275 | 3.02 | 310 | 425 | 458 | 5.35

* Ngoai quan cua hé phan tan P(AM-NVP) va GO-P(AM-NVP) trong qua trinh
U

Bang 3.15. Ngoai quan cua dung dich P(AM-NVP) 0.5% kI va hé phan tan GO-
P(AM-NVP)1.0 %Kkl trong qué trinh u

Noav i
Hg¢ phan gayu

STT .
tan

P(AM-
1 NVP)
0,5%k

GO-P(AM-
2 NVP)
1,00%KkI
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Hinh anh ¢ bang 3.15 cho thy do 6n dinh cua copolymer P(AM-NVP) 0,5 %

kl & 120 °C va cua hé phan tan GO-P(AM-NVP) 1,0 %kl trong nuéc bién sau khi o
¢ 123 °C va 135 °C twong ung. Két qua cho thay trong 7 ngay dau tién do phan tan
P(AM-NVP) 0.5 % trong lwong thé hién ngoai quan gan nhu khong thay d6i. Sau do,
bé ngoai cua ching chuyén sang mau téi. Trong khi do, hinh anh cua GO-P(AM-
NVP) cho thidy nanocomposite GO-P(AM-NVP) 1.0 % khdi lugng phan tan trong
nuéc bién khi duoc u ¢ 135 °C trong 31 ngdy c6 bé ngoai hau nhu khong thay doi.

4,

s D¢ nhot cua vat lieu P(AM-NVP) va GO-P(AM-NVP) sau khi u

Bang 3.16. ¢ nhot cua dung dich P(AM-NVP) va cua hé phan tan GO-P(AM-
NVP) trong qua trinh u

Theot gian a Do nhot (cP)

nhiét

(Ngay) P(AM-NVP) 0.5 %kl GO-P(AM-NVP) 1.0 %kl
0 5.08 4.57
1 5.06 4.59
3 5.10 4.57
7 5.05 4.56
14 5.08 4.52
21 4.61 4.58
31 4.54 4.55

Két qua thir nghiém do do nhét trong qua trinh u nhiét dung dich copolymer
P(AM-NVP) 0.5 % va hé phan tan GO-P(AM-NVP) 1.0% khdi lugng dugc thé hién
& bang 3.15 cho thay céc chat ddng tring hop P(AM-NVP) 0.5 % khdi luong trong
nudc bién duoc 1 & 123 °C trong 14 ngay c¢6 6 nhét hau nhu khong thay doi. Nhung
& 21 va 31 ngay d6 nhot giam xuéng lan luot khoang 9.3 % va 10.63 %. Tuy vay do
nhét cua P(AM-NVP) sau thtr nghiém 1 trong 31 ngay cho thay chdng van phd hop
dé ung dung trong TCTHD. Piéu d6 xac nhan rang d6 nhat cia copolymer P(AM-
NVP) s& bi giam hon nita néu duoc st dung & nhiét d6 cao hon nhu & tang Oligocene
moé Bach H6 va su giam cip nay ciing duoc danh gia trong béo cdo [138]. Vi vay hé
phan tan GO-P(AM-NVP) c6 thé 1a giai phap tot dé giai quyét van dé nay. Hinh 3.24
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trinh bay két qua thir nghiém u nhiét chat long nano GO-P(AM-NVP) 1.0 % khdi

lwgng. Va cho thiy & nhiét do 135 °C trong 31 ngay, dung dich chat long nano GO-
P(AM-NVP) c6 do nhét gan nhu khong thay ddi. Nhu vy, hé phan tan dugc thu
nghiém 6n dinh nhiét va 6n dinh hoa hoc trong diéu kién tinh twong tu nhu ting
Miocene va tang Oligocene mé Bach Hé. Céc két qua thu dugc cho thay dung dich
phan tan GO-P(AM-NVP) 6n dinh nhiét tét hon so véi dung dich copolymer P(AM-
NVP) (135 °C so véi 123 °C). Cac thong sé nay budc dau dap g dugc cac yéu cau
d6i vé6i chat long bom ép ng dung trong TCTHD tai cAc mé nhu Miocene va
Oligocene Bach Hob.

6

v
"

J

Do nhot(cP)
»

S

3.5
—&— P(AM-NVP) GO-P(AM-NVP)

0 5 10 15 20 25 30 35
Thot gian U (ngay)

Hinh 3.24. Két qua dé nhét P(AM-NVP) 0.5 % khoi liong phdn tan trong nuéc bién
i ¢ nhiét dé 123 °C va GO-P(AM-NVP) 1.0 % khai lwong phan tan trong nuwéce bién
u o nhiét do 135 °C theo thoi gian u

3.3. Téng hep Vit lidu GO-P(AM-PVP)

DU qué trinh tong hop vat liéu va danh gia kha nang tng dung trong TCTHD
cta hé phan tdn GO-P(AM-NVP) & muc 3.2 d3 dat duoc mot s6 két qua va cho thay
duoc tiém ning ung dung thyuc té trong TCTHD. Tuy nhién, khi chiéu xa truc tiép
hén hop dung dich NVP va AM méi chi chiéu xa & liéu xa >5 KGy san pham da bj
khau mach tao gel khong tan dugc trong nudc. Trong khi d6, yéu cau cua san pham
trong cac ng dung TCTHD Ia phai tan duoc trong nude dic biét 1a nudc bién. Bén

canh d6, copolymer thu dugc c¢6 d6 bén nhiét chua cao do khi chiéu xa & liéu xa thap
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thi san pham c6 cac mach ghép chua du 16n dan téi trong luong phan tir chua cao.

Ngoai ra, néng d6 monomer &ng dung trong phan tng polymer héa chiéu xa tia
gamma chi 1a 10% nén s& rat ton kém khi phai van chuyén mét luong rat 16n chat
long ra ngoai gian khai thac xa bo tir noi san xuat c6 may chiéu xa. Vi vay, véi mong
mudbn san xuat vat lidu tai chd trén cac gian khai khac ciia mo gitp téi wu cac chi phi
khai thac va san xuat. Chang t6i nghién ctiru tong hop polymer héa ghép acrylamide
1én mach polymer PVP di duoc chiéu xa trudc.

Polyvinyl pyrrolidone khi chiéu xa tao cac gbc POOP trén khung polymer, cac
peroxit hinh thanh khéng bi phan hay & nhiét do dén 50 °C trong thoi gian tir 2-3
thang, goc peroxit chi phan hay & nhiét ¢6 > 50 °C. Nguyén liéu polymer sau khi
chiéu xa duoc luu giir trong kho dé thuc hién cac qué trinh tiép theo phuc vu cho viéc
san xuét hé vat lieu GO-P(AM-PVP). Hinh 3.5 & san pham polymer héa ghép
P(AM-PVP) sau khi tong hop bang phuong phap chiéu xa trudc PVP sau dé ghép
AM I|én khung PVP.

Hinh 3.25. (a) Polymer P(AM-PVP) phdn tin trong nuéc bién véi nong do 1.0 %;
(b) Polymer P(AM-PVP) sau khi da dwoc 1am sach bang Soxhlet

Acrylamide khi dugc ghép 1én PVP s& tao copolymer chtra hai thanh phan tan
tt trong nudc, ddng thoi han ché sy két taa trong mai trudng khoang hoa cao va nhiét
d6 cao. Khi PVP dugc ghép véi monomer AM thi trong lugng phéan tir va d nhét caa
dung dich polymer duoc gia ting. Ching toi di tién hanh khao sat kha ning ghép cua
AM 1én PVP theo phuong phép chiéu xa PVP truéc, sau d6 thyuc hién phan tmg ghép.

Két qua khao sat anh huéng cua thoi gian chiéu xa va liéu chiéu xa PVP téi

hiéu suat phan (ng duoc thé hién ¢ bang 3.17 va hinh 3.26:
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Bang 3.17. Hiéu sudt phan izng polymer hda ghép ¢ céac thoi gian va liéu chiéu xga

PVP khac nhau

Liéu chiéu xa Higu suat phan ng
STT (kGy)
Théi gian (h) 5 10 15 20 30

1 3 2.50 4.70 13.80 21.67 27.87
2 5 6.45 | 13.25 34.40 45.52 58.50
3 7 12.70 | 24.42 54.50 85.00 88.12
4 8 12.72 | 24.38 55.10 85.15 88.78

100

90

/\.

¢u suat, %

A

80
70
60
.’—\.

50

)
40

®
20 ® /

10 ¢ ‘._/0-——0

Hi

30

0 v
2 3 4 5 6 7 8 9
Thot gian, h
—e—5kGy 10kGy —@—15kGy —e—20kGy —@—30 kGy

Hinh 3.26. Dé th; biéu dién danh huéng cua thoi gian va liéu chiéu xa téi hidu sudt
phan #ng

Bang 3.17 va hinh 3.26 thé hién su anh hudng cua thoi gian va liéu chiéu xa
PVP t6i hiéu suat caa phan &ing polymer hda ghép. Trong truong hop céc liéu xa khac
nhau, hiéu suat san pham copolymer P(AM-PVP) déu dat gi4 tri bdo hoa sau 7 gio
phan tng va cu thé nhu sau: 5 kGy(12.70%); 10 kGy(24.42%); 15 kGy(54.5%); 20
KGy/(85.0%) va 30 kGy (88.12%).

Xét tai thoi diém sau 7 gio phan tng, hiéu suat copolymer P(AM-PVP) ting
dan theo lidu xa va dat gia tri cao nhat 88.12 % ung véi liéu xa 30 kGy. Diéu nay cé

thé giai thich 1a do phan tng polymer hoa ghép xay ra theo co ché gbc tu do, lidu
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chiéu xa cang cao dan dén géc tu do cang tao ra nhiéu va thoi gian cang 1au thi mach

phét trién cang dai dan dén hiéu suat phan ung cang cao. Tuy nhién tai liéu xa 30
KGy san pham thu duoc chi tan duoc trong nudc 40 % diéu nay di minh chang rang
PVP chiéu xa 30 KGy da xay ra phan ung khau mach tao lién két ngang 60 %. Tir
cac cdng trinh nghién ctu vé khau mach butrc xa caa cac loai polymer tac gia Chapiro
[139], [140] d& chang minh rang dic trung hoa 1y co ban caa polymer khau mach 1a
chi trrong ma khong tan trong bat ¢t dung méi nao. Trong khi d6 yéu cau k¥ thuat
cuia san pham 1a phai tan dugc trong nude va dic biét 1a nuéc bién, do vay lidu xa toi
uu duoc chon la 20 KGy.
3.3.1. Két qua toi wu hoéa cac thong sé thoi gian phan &ng va ndng do AM cia

phan wng polymer hoa ghép

Duwa vao két qua & bang 3.17 cho thay liéu chiéu xa PVP 20 KGy cho san pham
c6 hiéu suat cao va phi hop nhat. Do d6, liéu chiéu xa nay duoc sir dung lam dau vao
cho qué trinh téi wu hoa phan tng polymer hoa ghép. Ngoai ra méi twong quan giira
hiéu suat san pham phan ang ghép theo cac nong do dung dich AM khac nhau ciing
duoc khao sat. Két qua duoc thé hién ¢ bang 3.18.

Bang 3.18. Hiéu sudgt phdn dng polyme hoa ghép & coc diéu kién trung hop khoc

nhau
S6 Thei gian Néng do Hiéu suat
thi nghiém | phan &ng (h) mono(ror}f)r AM phan wng(%o)
1 5 10 34.7
2 5 20 45.52
3 ) 30 45.8
4 7 10 73.6
5 7 20 85.03
6 7 30 72.8
7 8 10 73.70
8 8 20 85.15
9 8 30 72.70
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10 7 20 85.01
11 7 20 84.98
12 7 20 85.00

Bang 3.19. Két qud toi wu héa cdc théng sé anh hwéng cia qua trinh polymer hoa

ghep
Théng sb Thép Cao Téi wu
Nong d6 monomer AM (%KI) 10.0 30.0 19.92
Thoi gian (h) 5 8 7.46
Hiéu suat phan tng 85.77

y =-326.801 + 5.67621a + 95.4365b -

Phuong trinh ho: quy 0.102137a2 - 0.215357ab- 6.10799
Phuong sai R? = 98.65
Hé s twong quan r =99.26

Trong d6 a, b va y 1an luot 12 ndng do cua monomer AM, thoi gian phan ang
va hiéu suat toi vu ciia phan tng polymer hda ghép.

Hé sb twong quan thu dugc 1=0.9926 va phuong sai R2= 0.99 14 rat cao. Céc
gia tri cua r va R? cho thay sy gidng nhau gan nhu tuyét di gitra két qua du doan va
két qua thir nghiém. Piéu d6 ciing ching minh rang phuong trinh hoi quy dwoc sir
dung dé t6i vu hoa ¢ mo ta chinh xac dit liéu thuc nghiém [129]. Ngoai ra, viéc tinh
toan bé mat dap tng khi sir dung phan mém Stargarphics trong hinh 3.27 ciing chi ra
gia tri hidu suat phan ng t6i wu dat 85.77 % khi nong d6 monomer AM va thoi gian
phan @ng téi vu lan luot 14 19.92 % va 7.46 h .

Qua trinh tdng hop copolymer sau d6 duoc thuc hién theo diéu kién ti wu trén
va do do nhét caa dung dich polymer & cac ndng do khac nhau.



hieu suat %

14 18 29

26 30 2 thoi gian

Hinh 3.27. Bé mdt ddp 1#ng hiéu sudt cia phan ing polymer héa ghép

% Do nhot cua dung dich polymer P(AM-PVP)

Do nhét caa cac dung dich polymer ghép P(AM-PVP) va PVP phu thudc vao
nong do dugc thé hién ¢ bang 3.19 va hinh 3.28:

Déi voi polymer ghép P(AM-PVP), d6 nhét cua dung dich ting nhanh theo
nong do. Tai nong do 500 ppm (0.05%TL/TT) d6 nhét 1a 1.24 cP va tai nong do
10000 ppm (1% TL/TT) d6 nhét cua dung dich 1a 132.17 cP. Trong khi d6 dbi véi
dung dich PVP la polymer chua ghép do nhét ting rat cham theo nong do. Tai nong
d6 10000ppm do6 nhét cua polyme ghép P(AM-NVP) cao gap 10 lan so véi do nhét
ctua PVP thanh phan & cling nong do.

Bang 3.20. B nhét dung dich polymer ¢ diéu kién téi wu ¢ cac néng dg khac nhau

TT | Nong a9, ppm Po nhét, cP

PVP P(AM-PVP)

Trong lugng phan tu trung
binh khoi : Mw=5,5.10°

Trong luong phé}n tu trung

binh s6
Mn = 6,57.10*
1 500 1.13 1.24
2 1000 1.74 1.77
3 2000 2.16 4.45

4 3000 2.56 5.86
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TT | Nong d9, ppm Po nhét, cP
5 4000 2.87 9.40
6 5000 3.19 18.98
7 6000 3.94 25.96
8 7000 5.61 46.69
9 8000 7.45 68.87
10 10.000 12.44 132.17
140
120
S 100 —e—PVP P(AM-PVP)
ja" 80
<
= 60
Q-
/A

40

20
0 — — o .——o——*——'/.

0 2000 4000 6000 8000 10000

Nong d6 polymer, ppm
Hinh 3.28. P4 nhét ciia polymer P(AM-PVP) va PVP theo nong do

Nhu vay c6 thé thiy da thuc hién duoc phan wng bién tinh ghép monomer AM
Ién mach polymer PVP di chiéu xa trudc, thu duoc polymer ghép P(AM-PVP) 12 loai
polymer méi c6 d6 nhat cao gap nhiéu 1an so véi polymer PVP ban dau. Su gia ting
d6 nhot caa polymer ghép do su gia ting khoi lugng phan tir va gia taing mach nhanh
Acrylamide trong ciu triic caa polymer.

3.3.2. Cic dic trung héa Iy ciia P(AM-PVP) va GO-P(AM-PVP)
3.3.2.1. Két qud FT-IR ciia P(AM-PVP) v GO-P(AM-PVP)

Ph6 FT-IR cua vat liéu nanocomposite GO—P(AM-PVP) xé&c nhan sy hién dién
cia P(AM-PVP) trén GO dugc thé hién qua hinh 3.29a. Sy c6 mat ciaa PVP va AM
trong copolymer duoc xac nhan thong qua phd FT-IR & hinh 3.29b. Cac dao dong &
dai hap thu s6 song khoang 1203 cm™ twong ing voi dao dong kéo dai khong doi
xang cua nhém C-N- C caa cac vong NVP ching to ring c6 sy xuat hién cua PVP

trong cau trdc vat liéu, diéu nay ciing phit hop véi bao cdo trude day caa Uranta [115].
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Ngoai ra cac dai hap thu dic trung cho nhém carbonyl C=0 14 cic dao dong kéo dai

& s6 song 1660-1650 cm'™ cua phd P(AM-PVP) va phé cia GO-P(AM-PVP) thé hién
& hinh 3.29a duoc quan sat thay trong AM twong ty nhu mot bao céo khac [130].
Diéu d6 chung to da ghép thanh cong AM va PVP [én vat liéu GO. Ngoai ra, c4c dai
xuat hién & budc soéng 3300-3050 cm™ caa phd FT-IR P(AM-PVP) va GO-P(AM-
PVP) (hinh 3.29b va hinh 3.29a) tuong (ng voi cac dao dong kéo dai cua lién két -
NH- khong ddi xang cta amit so cap (NH2) phu hop véi mot bao cao trude dé
[131].Tuy nhién khi nhin vao phé FT-IR caa GO (hinh 3.29c) lai khdng xuat hién
dao dong cua lién két nay ma thay vao dé 1a dao dong kéo dai & dai song 3469-3432
cm® cua nhém O-H. Piéu nay c6 thé duoc giai thich 1a trong phd GO-P(AM-NVP)
c4c lién két N-O dugc hinh thanh gitra cac chat dong trang hop va GO lam cho amide
so cap bi loai bo, do d6 cac tin hiéu cia NH2 trong phd FT-IR bién mat hoic bi chong

lap véi dao dong kéo dai cua lién két O-H.

@
® CD‘“HW

D6 truyén qua %T

(b) PIAM-PVP)
(c) GO

I (a) GO-P(AM-PVP)

OH

y T T T T T ' T T T T T
4{H) 3500 3000 2500 2000 1 500) 1000 S(M)

S6 séng (em)

Hinh 3.29. Phé FT-IR hé phdn tan GO—P(AM-PVP) (), P(AM-PVP) (b) va GO (c)
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Bang 3.21. Két qud FTIR cia GO-P(AM-PVP), P(AM-PVP), GO

STT Vit liéu Peak (cm?) | Lién két Ghi chd
1 GO 35003400 O—H
2 GO 1700-1650 C=0 Carboxylic
3 GO 1650-1550 Cc=C ring

GO, P(AM-PVP),
4 29002800 C-H Csp®-H
GO-P(AM-PVP)

P(AM-PVP), GO-

5 P(AM-PVP) 3300-3050 N-H Amine

6 P(AM-PVP) 1660-1650 C=0 amide

7 P(AM-PVP) 1203 C-N-C NVP ring
Lién két giita GO-

8 GO-P(AM-PVP) | 1550-1500 N-O P(AM-NVP)

3.3.2.2. Phé Raman ciia GO va GO-P(AM-PVP)
Pé phan tich cau triic phan tir cua vat liéu ciing nhu phan tich cac khuyét tat
cau trdc cua graphene khi ghép polymer 1én GO chiing t6i nghién ciru phd Raman

cua vat liéu.

D Band © F’a“d
Igflz = 0.92
5
s
ey
w
| =
9
£ _
lo/ls = 1.05 GO-P(AM-PVP)
(b)
' (a) GO-P(AM-PVP)|
| —(b) GO
50 1000 1500 2000 2500

Raman shift (cm™)

Hinh 3.30. Phé Raman cia GO va nanocomposite GO-P(AM-PVP)
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Hinh 3.30 thé hién phé Raman cua GO va GO-P(AM-PVP). Ching ta cd thé

quan sat thay rang ca hai pho déu xuat hién hai peak dic trung cua graphene tai dai
D véi budc séng 1360.81 cm™ cua GO va 1339 cm™ cia GO-P(AM-NVP) va tai dai
G véi budc song 1591.58 cm™ cua GO va 1585.9 cm™ cua GO-P(AM-PVP). Peak
dic trung cua graphene tai dai D duoc giai thich 1a bat ngudn tir sy dao dong cua céc
nguyén tir cacbon lai hda sp3 bi khuyét tat cau trdc do bi han ché cha yéu bai cac
nhom chura oxy [141] [142]. Peak dac trung cua graphene tai dai G chi ra sy lai hoa
sp? hoic hién két C=C trong cau tric cua GO[142].

Két qua cling chtirng minh duoc su chie ning hoa oxy tdt trén céc cu tric GO
1am tang tinh 6n dinh cua ching trong pha nuéc trong qué trinh TCTHD. Cac nhém
oxy lam cho GON 6n dinh. Vi thé 1am giam cac nhdm oxy l1am cho hé khé phan téan.
Hon nira, khdng c6 su khac biét dang ké giita hai phé Raman. Tuy nhién, gia tri ty Ié
cuomg d6 dai D va G 12 In/lg cia GO va GO-P(AM-NVP) Ian luot 14 0,92 va 1,05
diéu nay cho thay rang cac phan tir copolymer dugc ghép 1én GO 1am ting cac khuyét
tat cuc bo va réi loan trong GO [143]. So sanh vai két qua Raman cua vat liéu GO-
P(AM-NVP) & hinh 3.19 thay rang ty Ié Io/lc ciia vat ligu GO-P(AM-PVP) thap hon
s0 véi vat lieu GO-P(AM-NVP) 1,05 so véi 1,13. Piéu d6 cho thay rang ty 1¢ sai
hong trong cau triic caa graphene cua vt lieu GO-P(AM-PVP) giam dang ké so Vi
vit liéu GO-P(AM-NVP).
3.3.2.3. Két qud phan tich nhiét trong lirong TGA

Dé khao sét sy 6n dinh nhiét caa vat liéu va xac dinh mot phan cau tric cua

vat liéu chiing t6i da phan tich nhiét trong luong TGA cua vat liéu.

Am (%) -3.859
Tinf : 221.30 (°C) 3
Am (%) -7.296

T, Tinf:207.73 (°C)

oo, Am (%) -13.197
©'| Tinf:101.56 (°C) \
1
" Exo

TG (%)

HeatFlow (uV)

301.21 (°C) 429.69 (°C)

107.77 (°C Am (%) -59.12
0 Tinf : 440.93 (°C) Am (%) =1.511 4

Tinf : §75.53 (°C)

0 100 200 300 400 500 600 700 800 900
Sample Temperature (°C)

Hinh 3.31. Két qud TGA cia P(AM-PVP)



103
Hinh 3.31 thé hién két qua phan tich nhiét trong luong cua copolymer P(AM-

PVP). Két qua cho thdy rang véi copolymer c6 ba giai doan sut giam khéi luong 16n,
giai doan dau tién sut giam khoang 13,197 % khéi lugng & nhiét d6 108 °C c6 thé
duoc giai thich do su bay hoi ciia nudc va céc chit dé bay hoi. Sy sut giam khéi luong
& giai doan 2 khoang 11,2% & nhiét d6 1én ti 302 °C lién quan dén su phan hay cua
c4c monomer va mot phan ciaa PAM. O giai doan cubi cung, khéi lwgng giam 59,12
% & 450 °C c6 thé l1a do P(AM-PVP) di phan huay hoan toan. Qua két qua TGA cua
copolymer P(AM-PVP) c6 thé thiy duoc rang vat lieu polymer kha bén nhiét ¢
khoang nhiét a6 150 °C (sy that thoat cua vat liéu khoang 15% chu yéu la cac chat dé
bay hoi con sét lai trong qua trinh tong hop). Khi nhiét 6 dat gan 200°C thi méi bt
dau c6 su giam cap caa polymer trong cau tric vat liéu, diéu do6 cho thay rang vat liéu
nay phu hop cho dinh huéng tng dung trong TCTHD & cac via xa bo véi nhiét do
khoing 130 °C.

1001 > Am (%) -26.697 .
\ Tinf : 205.23 (°C) 359.39 (°C)
402.6 (°C) s

| Am (%) -6.645
Tint : 77.75 (°C)

o 1.5
195.96 (°C) 446.64 (°C)

§60.99 (°C)

TG (%)
=)
[
HeatFlow (pV)

Am (%) -15.629
Tinf : 408.40 (°C)

82.22 (°C)

0 100 200 300 400 500 600 700 800 200
Sample Temperature (*C)

Hinh 3.32. Két qud TGA ciia GO-P(AM-PVP)

Hinh 3.32 thé hién két qua phan tich nhiét trong luong cua vat liéu GO-P-(AM-
PVP). Két qua cho thay rang vat liéu c6 ba giai doan sut giam khéi luong Ién, giai
doan dau tién sut giam khoang 6,6 % khdi luong & khoang nhiét d6 dudi 100 °C ¢
thé duoc giai thich do su bay hoi cta nudc va cac chat d& bay hoi. Su sut giam khéi
lugng & giai doan 2 & khoang nhiét d6 180 °C-350 °C mat khoang 26,7 % trong luong
lién dén sy phan hay cua cac monome va mot phan caa PAM. O giai doan cudi cung,
khéi luong giam 15 % & 350 °C-450 °C cd thé 12 do P(AM-PVP) di phan hay hoan
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toan. Két qua nay ciing chung té duoc copolymer P(AM-NVP) di duoc gan 1én GO

thanh cong. Thong qua két qua TGA cua copolymer P(AM-PVP) c6 thé thay duoc
rang vat liéu polymer kha bén nhiét ¢ khoang nhiét @6 150 °C (su that thoat cua vat
lieu khoang 13 % chu yéu la cac chat d& bay hoi con sot lai trong qué trinh tdng hop).
Khi nhiét d6 dat gan 200 °C thi méi bt dau cé su giam cap cua polymer trong cau
trdc vat liéu, diéu d6 cho thay rang vat liéu nay phi hop cho dinh huéng wng dung
trong TCTHD tai ting Oligocene mé Bach Hab.
3.3.2.4. Két qud SEM-EDX va SEM-Mapping

SED 15.0kVWD12mmP.C.35 HV  x10,000 1pm
BME-IU

Hinh 3.33. Két qua SEM cua copolymer P(AM-PVP)

! S0pm v Electron iImage 1

Hinh 3.34. Két qua SEM ciia GO-P(AM-PVP)
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Hinh 3.33 thé hién két qua SEM cua copolymer P(AM-NVP). Hinh 3.34 thé

hién két qua SEM cua vit liéu GO-P(AM-PVP). Két qua SEM cua hai vt liéu cho
thiy rang bé mit vat liéu khéng min ma san sui. Ngoai ra, két qua SEM cua vat liéu
GO-P(AM-PVP) ciing cho thay su phan bé polymer (AM-PVP) 1én GO twong ddi
dong déu.

Ngoai ra thanh phan nguyén té trong vat liéu GO-P(AM-PVP) ciing duoc phan
tich théng qua phuong phap quang phd khuéch tan ning lugng tia X két hop véi kinh
hién vi dién tir quét (SEM-EDX). Két qua thé hién ¢ bang 3.22 sau:

Bang 3.22. Két qua SEM-EDX cua vt liéu GO-P(AM-PVP)

Nguyén té % Khéi lwong % Nguyén tir
C 59.36 66.32
O 39.56 33.18
Al 0.56 0.28
S 0.51 0.21
Tong 100 100

Két qua SEM mapping P(AM-PVP) gom C, O, N duoc thé hién ¢ hinh 3.35 sau:

Hinh 3.35. Két qua SEM mapping GO-P(AM-PVP)

Két qua SEM-EDX (bang 3.22) cho thay trong cau triic vat liéu polymer khdng
thiy xuat hién nguyén tb nito. Didu nay c6 thé duoc giai thich do nito 1a nguyén té
gan véi C, O nén viéc xac dinh N 1a rat khd. Mac khac, do thanh phan N chiém trong
polymer da thap, polymer sau d6 lai dugc ghép thém 1én GO cang lam giam phan
tram khdi lwong caa N trong vat liéu, c6 thé khi d6 phan trim khéi lugng N nam &
dudi gi6i han xac dinh cua hé théng EDX. Nhung khi nhin vao két qua SEM mapping
cuia GO-P(AM-NVP) (hinh anh &nh xa nguyén t4) thé hién & hinh 3.35 thi mat do

xuat hién cua N trén bé mat vat liéu kha day va ddng déu. Két qua anh xa nguyén té
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SEM nay chirng minh rd rang rang cac chat ddng tring hop copolymer d dugc lién

két thanh cong trén bé mat GO.
3.3.2.5. Két qud quang phé quang dién tir tia X (XPS)

(a) o (b) Cls
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Hinh 3.36. Pho XPS cia GO-P(AM-NVP)/ GO-P(AM-PVP)(a) va phé XPS cuia
C1s(b), O1s(c), N1s(d) cua 2 v4t liéu

Thanh phan héa hoc va trang thai nguyén té cua vat liéu GO-P(AM-NVP) va
GO-P(AM-PVP) dugc dic trung boi quang phd quang dién tir tia X (XPS) thé hién
& hinh 3.36. K§ thuat XPS cho biét dinh tinh, ban dinh luong va hda tri ciia cac nguyén
t6 6 trong vat liéu. Két qua pho & hinh 3.36a cho thiy & ca 2 phd ngoai su xuat hién

cua peak C1s & 285 eV va O1s ¢ 532 eV dic trung ciia GO con ¢6 su xuat hién caa 1
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peak méi ¢ ving nang luong lién két 400eV duoc phat hién trong GO-P(AM-NVP)

va GO-P(AM-PVP) duoc quy cho N1s [134]. Biéu nay chung té trong vt liéu GO-
P(AM-NVP) va GO-P(AM-PVP) c6 su hién dién cia 3 nguyén t6 C,0, N va ciing
chuang to duoc riang da gin thanh céng copolymer AM-NVP va AM-PVP Ién GO.
Hinh a ciing cho thay rang peak dic trung cho Nls trong phd GO-P(AM-PVP) c6
cudng do thap hon so véi peak N1s trong phé GO-P(AM-NVP) diéu nay c6 thé dugc
ly giai 1a do qua trinh chiéu xa trudc vat liéu NVP dé tao PVP l1am cho cac lién két
véi N bi giam di.

Trong pho cua nguyén to Cls d6 phan giai cao trong GO-P(AM-NVP) va GO-
P(AM-PVP) duoc phan tach thanh 4 peak nhu hinh b phan bd ¢ ving ning luong lién
két 284.8 eV, 285.7 eV, 286.8 eV va 288.0 eV dugc gan cho C lai hoa sp®(Csp?) trong
chudi cacbon (C-C), Csp®trong lién két C-O cua GO, lién két C-N mai hinh thanh va
Csp? trong lién két C=0 cua NVP va AM tuong (ng [134], [135]. C6 thé thay ring
vi tri xuat hién cac peak cua Cls & cac viung niang luong lién két cua ca hai vat liéu
khong c6 gi thay doi. Tuy nhién hinh 3.36 b cho thay c6 sy khac biét vé cuong do
peak, cudng do peak dic trung cho C lai héa sp® trong lién két C-O cua vat liéu GO-
P(AM-PVP) cao hon so v&i trong vat liéu GO-P(AM-NVP).

Dai ph6 Ols va N1s d6 phan giai cao duoc thé hién ¢ hinh 3.36 ¢ va d. Dai
phd O1s (Hinh c¢) dugc phan tach thanh 2 peak phan bé & ving ning luong lién két
531.9 eV va 533.2 eV duoc gan cho lién két C=0 cua NVP va AM va HO-C ciia GO
[144]. Két qua cho thay trong vat lisgu GO-P(AM-NVP), 2 peak dic trung cta lién két
C=0 va HO-C ¢6 cuong d6 twong dwong nhau. Con trong vat liéu GO-P(AM-PVP)
cudng d6 peak cua lién két C=0 thap hon nhiéu so véi cuong d6 peak cua lién két
HO-C.

Su khac biét vé cudng d6 cac peak trong dai phd O1s va C1s cua hai vat liéu
GO-P(AM-NVP) va GO-P(AM-PVP) c6 thé duoc giai thich do co ché phan {ng
polymer hda AM-NVP boi chiéu xa va phan wang polymer héa ghép AM Ién mang
PVP di duoc tao thanh thdng qua chiéu xa trudc khac nhau. V6i phan ang chiéu xa
trudc tao PVP va sau d6 ghép AM 1én dé tao polymer P(AM-PVP) céc peroxid dugc
tao thanh khi chiéu xa trudc PVP. Khi da c6 mang PVP thi rd rang chiéu xa trudc chi
tao ra mot sé cau ndi peroxid nhat dinh. Con khi polymer hoa 2 monomer theo co ché
hoa ghép cac gdc ty do cd thé hinh thanh & dau, & cudi bat ky mot monomer, oligomer

hoac polymer nao trong qué trinh phan ung.
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Dai phd N1s (hinh 3.36 d) bao gom 2 peak phan bé & ving ning luong lan luot 12

400.3 eV va 401.9 eV duogc gan cho nito pyrrole va nito than chi lién quan dén N*
trong NVP va AM. Nito pyrrole dung dé chi N lai hoa sp? lién két véi hai nguyén tir
Csp? va mot nguyén tir H tao thanh mat di vong 5 canh cua NVP. Nito than chi dung
dé chi mot nguyén tr N lai hoa sp? lién két véi ba nguyén tir C lai hoa sp? lién ké tao
thanh di vong sau canh khong lién hop. Hinh 3.36 d ciing cho thay riang cuong do
peak N1s ctia vat liu GO-P(AM-PVP) thip hon so véi vat licu GO-P(AM-NVP)
gidng nhu 1a két qua pho chung cua 2 vat liéu ¢ hinh 3.36 a. Két qua nay ciing phu
hop véi mét bao cao trude do [145].

3.3.3. Panh gia kha nang &ng dung vat lieu GO-P(AM-PVP) trong TCTHD

&  DPdnh gid dé bén nhiét va bén hoa hoc cua vt liéu GO-P(AM-PVP)

Theo nhu co ché TCTHD d3 néu, 6 nhét cao cua polymer gidp cai thién ty 16
linh déng giita hai pha dau/nudc, tir 46 nang cao hé sé thu hdi dau. Do do, chi s6 vé
do nhét dugc quan tam nghién ciru trudc tién trong cac tng dung TCTHD khi bom
ép polymer. Do d6, viéc danh gia 6 6n dinh nhiét cua polymer bang phwong phép @
nhiét thdng qua viéc khao sat d nhat va quan sat ngoai quan trong qué trinh 1 nhiét
la can thiét cho tng dung caa nd trong TCTHD.

Su c6 mit cta cac ion hoa tri hai trong nudc bién da 1am giam muc do hap thu
nudc cua vat liéu va cling 1a nguyén nhan lam giam d¢ nhét cua dung dich P(AM-
PVP) va GO-P(AM-PVP) so véi nuéc thuong.

Két qua khao sat do nhét cia dung dich nanocomposite GO-P(AM-PVP) trong

nuéc bién & cac ndng d6 khac nhau duoc trinh bay & bang 3.23 sau:

Bang 3.23. Bé nhét cia hé dung dich phan tan GO-P(AM-PVP) trong nieéc bién ¢

cac nong dé khac nhau

Nong a9, % 0.1 0.3 0.5 0.7 1.0

D0 nhdét, cP 2.65 4.76 6.06 20.87 45.68

So séanh vai két qua do nhot caa hé dung dich phan tan GO-P(AM-NVP) trong
nuéc bién ¢ cac ndng do khac nhau twong @ng da trinh bay & bang 3.14 cho thay d6
nhét caa dung dich phan tan GO-P(AM-PVP) cao hon. Piéu nay duoc giai thich do
copolymer P(AM-PVP) dugc tong hop theo phuong phap chiéu xa trudc véi lidu xa
20 KGy so véi 5 KGy khi tong hop copolymer P(AM-NVP). Liéu chiéu xa cao hon,
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cac gbc tu do tao ra nhiéu hon, san pham chira mach dai hon, khdi lwgng phan ti cao

hon dan t6i d6 nhét cao hon. Hinh 3.37 cho thdy d6 nhét cua hé phan tan GO-P(AM-
PVP) ting nhanh theo ndng do trong khi d6 d6 nhét cua hé GO-P(AM-NVP) ting
khéng dang ké, két qua nay phu hop véi két qua bang 3.11 va 3.20.

50
45
40
35
30
25
20
15
10

—e— GO-P(AM-PVP) GO-P(AM-NVP)

0 not, cP

A

b

0 0.2 0.4 0.6 0.8 1 1.2
Nong do, %

Hinh 3.37. Dé thi biéu dién dé nhét ciia GO-P(AM-NVP) va GO-P(AM-PVP)

Dua trén kich thuéc mao quan cua da via & tang Miocene va Oligocene mé
Bach Hb va wdc tinh chi phi cua nanocomposite, P(AM-PVP) va GO-P(AM-PVP)
v6i nong do lan luot 12 0,3 % va 0,5 % khéi lugng (46 nhét caa P(AM-PVP) duoc
thé hién & bang 3.20) dugc chon cho thir nghiém u nhiét dé danh gia kha nang bén
nhiét cua vat liéu.

Thong qua khao sat @ nhét caa hé P(AM-PVP) ¢ bang 3.20 va GO—P(AM-
PVP) ¢ bang 3.23 vai cac ndng do khac nhau thi thay hé P(AM-PVP) 0,3 % ki va hé
GO—-P(AM-PVP) 0,5 % kl c6 d6 nhét khoang 5.86 va 6.06 cP, twong tu Vi do nhot
cua dau thd & mo Bach H6 (4—6 cP). Tur cac két qua phan tich Iy hoa cua vat liéu ¢
muc 3.3.3. cho thay polymer P(AM-PVP) va hé phan tan GO-P(AM-PVP) bén nhiét
& khoang nhiét do 150 °C (két qua TGA), c¢d su phan bd dong déu trén bé mat vat lidu
(két qua SEM). Ngoai ra dé chitng minh vat liéu phi hop véi moi truong via thyc té
trong moi truong nude bién (dwoc md phong theo bang 2.2) & nhiét d6 135 °C cua
tang Oilogocene mo Bach Ho chiing t6i da khao sat do bén nhiét va do bén héa hoc
cua vat liéu thong qua do nhot cua hé trong 31 ngay. Ngoai quan sau khi u nhiét cua
hé phan tan P (AM-PVP) 0,3 % kl va GO—P(AM-PVP) 0,5 %kl dugc thé hién ¢ bang

Sau:
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Bang 3.23. Ngogi quan cua dung dich P(AM-PVP) 0,3 % kI va cua hé phan tan

GO-P(AM-PVP) 0,5kl trong qua trinh u

Thai gian G (ngay)

STT|  Vatliéu
0 3 7 14 21 31

P(AM-PVP)
1 0.3 %Kkl
GO-P(AM-
2 | PVP)O5
%%kl

¢ D¢ nhot cua dung dich P(AM-PVP) va cua hé phan tan GO-P(AM-PVP) trong
qua trinh « nhiét
Céc két qua nghién ctu polymer ghép P(AM-PVP) va hé phan tan GO-P(AM-
PVP) thé hién trong bang 3.25 va hinh 3.37.

Bang 3.24. D6 nhét cua vat licu P(AM-PVP) 0.3 %kl va GO-P(AM-PVP) 0.5 %kI

Théi gian 4 nhigt D nhot (cP)
(Ngay) P(AM-PVP) 0.3 %kl | GO-P(AM-PVP) 0.5 %kl
0 5.56 6.06
1 5.88 6.05
3 5.91 6.01
7 5.92 6.0
14 5.65 5.93
21 4.87 5.91
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31 4.71 5.88

oV g
5 \\
—

Do nhot, cP
w

—8—0.3% P(AM-PVP) 0.5 % GO-P(AM-PVP)

0 7 14 21 28
Thoi gian 1 nhiét, ngay
Hinh 3.38. D6 th; biéu dién dé nhét ciia P(AM-PVP) 0,3 %Kkl va GO- P(AM-PVP)
0,5% Kl phdn tdn trong nwéc bién 4 ¢ nhiét dé 123°C va 135°C theo ngay u

Polymer P(AM-PVP) 0,3 %kl va hé¢ nanocoposite GO—P(AM-PVP) 0,5 %Kkl
phan tan trong nudc bién dugc tién hanh 1 nhiét ¢ nhiét ¢ 123 °C nhiét do 135 °C.

Két qua cho thay dbi vai hé dung dich P(AM-PVP) trong 7 ngay dau u nhiét
0 123 °C d6 nhot tang tir 5.56 cP -5.92 cP. Viéc gia tang d6 nhét cua dung dich
polymer trong giai doan nung 1-7 ngay dau tién dwoc giai thich bang hiéu tng tiép
tuc ni mach sau phan mg ban dau caia polymer bién tinh birc xa. Trong khoang thoi
gian 8-20 ngay do nhét giam nhung khong dang ké. Sau 21 va 31 ngay d6 nhét cua
hé giam lan luot 12,5 % va 15 %. Nhu vay c6 thé két luan ring hé P(AM-PVP) di bi
giam cap sau khi ¢ nhiét sau 21 ngay tuy nhién d6 nhét caa chiing van pha hop tng
dung trong TCTHD trong diéu Kién tinh. Diéu d6 con xac nhan rang do nhét cua
polymer P(AM-NVP) s& bi giam ngay cang nhiéu néu né duoc sir dung & nhiét do
cao hon nhu ¢ tang Oligocene mo Bach H6 va su giam nay ciing dugc danh gia trong
bao cdo [138]. Vi vay nanocomposite GO-P(AM-PVP) duoc sir dung dé giai quyét
van dé nay. Hinh 3.37 va bang 3.22 cho thay két qua cua thir nghiém u nhiét vat liu
GO-P(AM-PVP) 0,5 % khéi luong. Picu d6 chirng minh rang nanocomposite GO-
P(AM-PVP) phan tan trong nudc bién dugc ¢ ¢ nhiét do 135 °C trong 31 ngay c6 do
nhét gan nhu khong thay ddi ching té ring cac chat phan tan on dinh nhiét va 6n
dinh héa hoc trong diéu kién tinh tuwong tu nhu ting Miocene va tang Oligocene mo
Bach H. Theo két qua nay cho thiy dung dich phan tdn GO-P(AM-PVP) 6n dinh
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nhiét hon nhiéu so vai dung dich copolymer P(AM-NVP). Cac dic tinh ndy ban dau

dap tmg duoc cac yéu cau dbi véi cac ting dung vé TCTHD tai cac mo nhu Miocen
va Oligocene Bach Ho.

So sanh véi hé dung dich P(AM-NVP) va hé phén tan GO-P(AM-NVP) thi h
dung dich P(AM-PVP) va hé GO-P(AM-PVP) chi sit dung ndng db it hon v6i 0,3 %
va 0,5 % khdi luong so véi 0,5 % va 1,0 % khéi lugng gilp téi vu dugc chi phi san
XUA.

Nhu vay, céac két qua danh gia 6 on dinh nhiét va 6n dinh hoa hoc cua hé
chat long nano PMNPs, hé phan tdn GO-P(AM-NVP) va GO-P(AM-PVP) thdng qua
cac khao séat su thay d6i vé do nhét sau thoi gian u nhiét ¢ diéu kién via cua tang
Miocene va Oligocene mé Bach H6 (120 °C va 135 °C) duoc trinh bay & trén cho
thay rang ca ba hé déu cé sy thay doi vé ngoai quan va do nhét rat it. Chang to rang
chdng kha on dinh nhiét, 6n dinh héa hoc va cé thé ung dung trong TCTHD.

3.3.4. Bang két luan so sanh céc vat liéu da dwoc tong hep

Bang 3.25. So sdnh dac tinh cac logi vt lidu da tong hop

Tinh .
Co ché TCTHD SCBM | dinh bo | b ben
At 1iA o che n
Vitligu nhét | nhiét
wot
% Tiang Nc o giam | B& mit | Lam Bén
o tr 62.53 |da via | tang do | nhiét &
Ne=—""9 nN/m | thay déi |nhét | nhiét o
Ko\ /AP xubng |tr  wa | dung 135°C
- <§> (T) con dau dich
PMNPs i . 12.64 sang ua | bom ¢ép
s Giam suc cang bé mat .
nN/m nudc nhung
© , khéng
% Thay doi vtlnh d|r,1h déng ké
udt,(thay doi goc tiep
xuc 6)
% Tang hiéu suat quét vi Tang d6 | Bén
GO- mo nhot nhiét &
P(AM- k/ i i dung nhiét do
m=—E
NVP) ko 135°C
Ho
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Tinh .
Co ché TCTHD SCBM | dinh o | Boben
Ap Lin o ché in
Vat ligu nhot nhiét
wot
% Tang do nhét dong luu dich
chat thay thé bom ép
< Tang hiéu suat quét vi Tang d6 | Bén
mo nhét nhiét o
GO- k/ dung nhiét do
m=—E i i .
P(AM- Ko/ dich 135°C
U
PVP) o bom ép
% Tang do nhét dong luu
chét thay thé

Trong luan &n nay ching t6i da nghién cau tong hop 2 hé vat liéu ¢ TCTHD
theo hai co ché TCTHD :

i. Co ché 1am tiang hé sb thu hoi dau thdng qua viéc ting sé mao dan Nc bang
cach bom ép dung dich ¢d kha ning lam giam SCBM lién dién giita 2 pha dau nudc
va 1am thay d6i tinh dinh w6t cua dé via- str dung vat liéu PMNPs

ii. Co ché lam thay d6i ty sb linh dong dau/ nudc bang cach bom ép dung dich
c6 d6 nhét cao st dung hé vat lisu GO gan polymer gom GO-P(AM-NVP) va GO-
P(AM-PVP)

Hé phan tan GO-Polymer gom hé phan tan GO-P(AM-NVP) va GO-P(AM-
PVP) déu cho thay ching c6 do phan tan tét trong nudc bién, c6 d6 nhét cao va 6n
dinh nhiét, 6n dinh hoa hoc tét boi thir nghiém chai (bottle test) trong diéu kién via.
Tuy nhién véi hé GO-P(AM-NVP) do phai chiéu xa trong Itc thuc hién phan ang tao
copolymer AM-NVP do d6 han ché vé mat thiét bi, diéu kién chiéu xa néu thuc hién
phan @ng & ngoai gian khai thac. Con hé GO-P(AM-PVP), do dic diém 1a co thé
chiéu xa trude dé tao PVP chiéu xa & phong c6 day du thiét bi chiéu xa va mang di
dén noi thyc hién phan Gng. Diéu nay 1a mot thuan loi cho qua trinh dua ra thuc té
san xuat (co thé thyc hién phan @ng tao copolymer ¢ ngoai gian khai thac).

Tuy méi dugc khao sat trong diéu Kién tinh, can tiép tuc khao sat kha nang ung
dung trong TCTHD bing phuong phap dong hoc ( bom ép trén mo hinh mau 16i) va
thir nghiém bom ép ngoai gian dé tim ra cac thdng sb téi wu phuc vu cho qua trinh
trng dung trong thuc té TCTHD.
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CHUONG 4. KET LUAN VA KIEN NGHI

KET LUAN

Trén co sd cac két qua dat duoc o thé rit ra mot s6 két luan chinh nhu sau:

1. Pai téng hop dugc vat liéu nano tir tinh boc polymer- PMNPs. Bic trung 1y hoa

cua vat liéu duoc phan tich bai FT-IR, TEM, TGA, XPS, DLS, VSM. P4 tim ra duoc

nhiét do va thoi gian phan ng ti vu ciia phan tng triing hop boc polymer AM-NVP
vao MNPs 14 70°C va 8h, % khdi luong copolymer phu 1én bé mat MNPs 13 11%. Do
tir héa bédo hoa cua vat liéu PMNPs la 42 va 39emul/g

2. D& tong hop thanh cong vt lieu P(AM-NVP) va P(AM-PVP) theo phuong phap

polymer hoa va phuong phap chiéu xa trudc.

< Tim duoc cac diéu kién chiéu xa téi vu: liéu chiéu xa téi wu 5 KGy dbi véi
P(AM-NVP); 20 KGy ddi véi P(AM-PVP) va ty I¢ monomer AM/NVP t6i uu la
1,71:1, nong d6 AM monomer 1 23,19%.

< Tong hop thanh cong vat liegu GO-P(AM-NVP) va GO-P(AM-PVP) duoc
chting minh théng qua két qua Raman, FT-IR, SEM-EDX, SEM-Mapping va XPS.

3. Chung minh dugc kha nang tng dung cua cac vat li¢u PMNPs, GO-P(AM-NVP)

va GO-P(AM-PVP) trong TCTHD. Dung dich chat léng nano PMNPs 600ppm, hé

phan tdn GO-P(AM-NVP) 1% kI va hé phan tan GO-P(AM-PVP) 0.5% ki déu 6n
dinh nhiét va héa hoc sau 31 ngay & & nhiét ¢6 120 °C va 135 °C va phu hop dé ung
dung TCTHD & cac via ngoai khoi c6 nhiét do va do6 mubi cao.

% Chuang minh duoc dung dich chat 16ng nano PMNPs 1000ppm 1am giam stic cing
bé mat lién dién xudng con 12.4 Nn/m va 1am thay doi tinh dinh wét cua da via tir
wa dau sang ua nudce. Két qua lam tang hé sb thu hoi dau.

% Chung minh duoc hé chat long nano PMNPs c6 d6 bén va 6n dinh cao sau 4 1an
tai sir dung. Day 1a vat liéu c6 trién vong tng dung trong thuc tién dé lam chat

long bom ép trong TCTHD gép phan giam chi phi.
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KIEN NGHI

< Tiép tuc nghién ciru khao sét sy thay d6i tinh dinh w6t cua da via cua hé GO-
P(AM-NVP) va GO-P(AM-PVP).

%  Thir nghiém bom ép cac dung dich PMNPs, GO-P(AM-NVP) VA GO-P(AM-
PVP) trén md hinh mau 18i tang Miocene va Oligocene mo Bach Ho.

< Tién t6i thir nghiém bom ép cac dung dich vat lidu trén pilot

<> Lya chon, san xuét thir nghiém va thir nghiém bom ép ngoai thuc dia gian khai
thac hé dung dich PMNPs, GO-P(AM-NVP) va GO-P(AM-PVP)

& Tién ti 4p dung ba dung dich PMNPs, GO-P(AM-NVP) va GO-P(AM-PVP)
lam chét long bom ép trong TCTHD ngoai thuc té cua nganh khai thac dau khi.



116
DANH MUC CAC CONG TRINH CONG BO

. Thi-Lieu Nguyen , Anh-Quan Hoang , Phuong-Tung Nguyen , Anh-Tuyen
Luu , Duy-Khanh Pham, Van-Phuc Dinh , Quang-Hung Nguyen, Van-Toan
Le, Hai Nguyen Tran, Thi-Bich Luong Stable dispersion of graphene oxide—
copolymer nanocomposite for enhanced oil recovery application in high-
temperature offshore reservoirs, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 628 (2021) 127343.

. Thi-Lieu Nguyen, Anh-Quan Hoang, Duy-Khanh Pham, Hai Bang Truong
and Phuong-Tung Nguyen Synthesis and evaluation of magnetite
nanoparticles coated with (acrylamide- vinylpyrrolidone) polymers on the
thermostability for application in harsh offshore reservoirs, Advances in

Natural Sciences: Nanoscience and Nanotechnology, 14 (2023) 015013
(11pp).

. Nguyén Thi Liéu, Bach Thi My Hién, Pang Thi Thu Trang, Nguyén Vin Lyc,
Nguyén Phuong Tung Téng hep va bién tinh vt liéu nano oxit sdt tir #zndung
trong ting cwong thu hoi ddu, Tap chi Khoa hoc va Cong nghé, Sé 49, p 110-
117, 2021.

. Thi-Lieu Nguyen, Duy-Khanh Pham, Xuan-Truong Mai, Anh-Quan Hoang
and, Phuong-Tung Nguyen Optimized - Polymer - Coated Magnetic
Nanoparticles Preparation for useas an Enhanced Oil Recovery Agent,
Proceedings of IWNA 2019, p 227-236, 06 - 09 November 2019.

. Anh-Quan Hoang, Thi- Lieu Nguyen, Anh-Tuyen Luu, Van-Toan Le, Duy-
Khanh Pham, Phuong-Tung Nguyen Graft-polymerization of acrylamide onto
pre- polyvinyl pyrrolidone matrix and evaluation of combinedcopolymer
product and graphene oxide nanofluids on the EOR potential in high-
temperature offshore oilfields, Proceedings of IWNA 2023, p 363-367, 08 -
011 November 2023.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]
[11]

[12]

[13]

117
TAI LIEU THAM KHAO

Energy Information Administration, “International Energy Outlook,”
vol. 0484, pp. 70-99, Jul. 2019, doi:
https://www.eia.gov/outlooks/ieo/pdf/iec2019.pdf.

T. Sharma, G. S. Kumar, and J. S. Sangwai, “Comparative effectiveness
of production performance of Pickering emulsion stabilized by
nanoparticle-surfactant-polymerover surfactant-polymer (SP) flooding
for enhanced oil recoveryfor Brownfield reservoir,” J Pet Sci Eng, vol.
129, pp. 221-232, May 2015, doi: 10.1016/j.petrol.2015.03.015.

M. Zargartalebi, R. Kharrat, and N. Barati, “Enhancement of surfactant
flooding performance by the use of silica nanoparticles,” Fuel, vol. 143,
pp. 21-27, Mar. 2015, doi: 10.1016/j.fuel.2014.11.040.

S. Al-Anssari, A. Barifcani, S. Wang, L. Maxim, and S. Iglauer,
“Wettability alteration of oil-wet carbonate by silica nanofluid,” J
Colloid Interface Sci, vol. 461, pp. 435-442, Jan. 2016, doi:
10.1016/j.jcis.2015.09.051.

J. A. Al1, K. Kolo, A. K. Manshad, and A. H. Mohammadi, ‘“Recent
advances in application of nanotechnology in chemical enhanced oil
recovery: Effects of nanoparticles on wettability alteration, interfacial
tension reduction, and flooding,” Egyptian Journal of Petroleum, vol.
27, no. 4. Egyptian Petroleum Research Institute, pp. 1371-1383, Dec.
01, 2018. doi: 10.1016/j.ejpe.2018.09.006.

I. Nowrouzi, A. K. Manshad, and A. H. Mohammadi, “Effects of ions
and dissolved carbon dioxide in brine on wettability alteration, contact
angle and oil production in smart water and carbonated smart water
injection processes in carbonate oil reservoirs,” Fuel, vol. 235, pp.
1039-1051, Jan. 2019, doi: 10.1016/j.fuel.2018.08.067.

E. Tzimas, A. Georgakaki, G. Cortes, and S. D. Peteves, Enhanced Oil
Recovery using Carbon Dioxide in the European Energy System.
European Commission Joint Research Center, Netherlands, 2005.

D. W. Green and G. Paul Willhite, Enhanced Oil Recovery. Society of
Petroleum Engineers, USA, 2018.

Phung Dinh Thyc, “Nghién ctru dé xuat cac g1a1 phép cong ngh¢ va ky
thuat nang cao hé so6 thu hoi dau giai doan cubi méng moé Bach HO,”
Tap chi dau khi, vol. 8, pp. 16-33, 2018.

L. Romero-Zerdn, Advances in Enhanced Oil Recovery Processes.
InTech, Croatia, 2012.

L. W. Lake, Russell. Johns, and Bill. Rossen, Fundamentals of
Enhanced Oil Recovery., Larry W. Lake,. SPE, 2014.

S. Ayatollahi, “Nanotechnology-Assisted EOR Techniques: New
Solutions to Old Challenges,” SPE International, vol. 157094, pp. 12—
14,2012,

P.-T. Nguyen et al., “Evaluation on the EOR Potential Capacity of the
Synthesized Composite Silica-Core/ Polymer-Shell Nanoparticles



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

118
Blended with Surfactant Systems for the HPHT Offshore Reservoir
Conditions,” pp. 12-14, 2012.
Y. Kryachko, “Novel approaches to microbial enhancement of oil
recovery,” Journal of Biotechnology, vol. 266. Elsevier B.V., pp. 118—
123, Jan. 20, 2018. doi: 10.1016/j.jbiotec.2017.12.019.
TS. Nguyén Chu Chuyén, “Tap chi dau khi Viét Nam,” Aug. 2018.
N.Y.T. Le, D. K. Pham, K. H. Le, and P. T. Nguyen, “Design and
screening of synergistic blends of SiO2 nanoparticles and surfactants for
enhanced oil recovery in high-temperature reservoirs,” Advances in
Natural Sciences: Nanoscience and Nanotechnology, vol. 2, no. 3, 2011,
doi: 10.1088/2043-6262/2/3/035013.
N.Y.T.Le, D. K. Pham, K. H. Le, and P. T. Nguyen, “Design and
screening of synergistic blends of SiO2 nanoparticles and surfactants for
enhanced oil recovery in high-temperature reservoirs,” Advances in
Natural Sciences: Nanoscience and Nanotechnology, vol. 2, no. 3, 2011,
doi: 10.1088/2043-6262/2/3/035013.
C. G.J. Nmegbu, Wemedo, B. A. Obah, and George, “Application of
Buckley-Leverett Equation in Modeling the Radius of Invasion in a
Reservoir Undergoing Microbial Enhanced Oil Recovery,” 2015.
[Online]. Available: www.ijerd.com
D. A. Z. Wever, F. Picchioni, and A. A. Broekhuis, “Polymers for
enhanced oil recovery: A paradigm for structure-property relationship in
aqueous solution,” Progress in Polymer Science (Oxford), vol. 36, no.
11. pp. 1558-1628, Nov. 2011. doi:
10.1016/j.progpolymsci.2011.05.006.
Y. H. Shokrlu and T. Babadagli, “Transportation and Interaction of
Nano and Micro Size Metal Particles Injected to Improve Thermal
Recovery of Heavy-Oil,” Society of Petroleum Engineer.
G. M. Homsy, “VISCOUS FINGERING IN POROUS MEDIA,” 1987.
[Online]. Available: www.annualreviews.org
S. Al-Anssari, M. Arif, S. Wang, A. Barifcani, M. Lebedev, and S.
Iglauer, “Wettability of nanofluid-modified oil-wet calcite at reservoir
conditions,” Fuel, vol. 211, pp. 405-414, 2018, doi:
10.1016/j.fuel.2017.08.111.
A. Nikolov, K. Kondiparty, and D. Wasan, “Nanoparticle self-
structuring in a nanofluid film spreading on a solid surface,” Langmuir,
vol. 26, no. 11, pp. 76657670, Jun. 2010, doi: 10.1021/1a100928t.
A. Karimi et al., “Wettability alteration in carbonates using zirconium
oxide nanofluids: EOR implications,” Energy and Fuels, vol. 26, no. 2,
pp. 1028-1036, Feb. 2012, doi: 10.1021/ef201475u.
L. Hendraningrat, S. Li, and O. Torsater, “A coreflood investigation of
nanofluid enhanced oil recovery,” J Pet Sci Eng, vol. 111, pp. 128-138,
Nov. 2013, doi: 10.1016/j.petrol.2013.07.003.
S. Ko, H. Lee, and C. Huh, “Efficient Removal of EOR Polymer from
Produced Water Using Magnetic Nanoparticles and Regeneration/Re-



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

119
Use of Spent Particles,” Society of Petroleum Engineer, pp. 11-13,
2016.
R. Hashemi, N. N. Nassar, and P. Pereira Almao, “Nanoparticle
technology for heavy oil in-situ upgrading and recovery enhancement:
Opportunities and challenges,” Applied Energy, vol. 133. Elsevier Ltd,
pp. 374-387, Nov. 15, 2014. doi: 10.1016/j.apenergy.2014.07.069.
D. Luo et al., “Nanofluid of graphene-based amphiphilic Janus
nanosheets for tertiary or enhanced oil recovery: High performance at
low concentration,” Proc Natl Acad Sci U S A, vol. 113, no. 28, pp.
7711-7716, Jul. 2016, doi: 10.1073/pnas.1608135113.
G. Cheraghian, S. Kiani, N. N. Nassar, S. Alexander, and A. R. Barron,
“Silica Nanoparticle Enhancement in the Efficiency of Surfactant
Flooding of Heavy Oil in a Glass Micromodel,” Ind Eng Chem Res, vol.
56, no. 30, pp. 8528-8534, Aug. 2017, doi: 10.1021/acs.iecr.7b01675.
H. Ma, M. Luo, and L. L. Dai, “Influences of surfactant and
nanoparticle assembly on effective interfacial tensions,” Physical
Chemistry Chemical Physics, vol. 10, no. 16, pp. 2207-2213, 2008, doi:
10.1039/b718427c.
S.; H. L.; T. Li, “Improved Oil Recovery by Hydrophilic Silica
Nanoparticles Suspension: 2-Phase Flow Experimental Studies,” Int.
Petro. Technol. Conference; Society of Pet. Engineers, 2013, doi:
D0i:10.2523/16707-ms.
T. N. Hunter, R. J. Pugh, G. V. Franks, and G. J. Jameson, “The role of
particles in stabilising foams and emulsions,” Advances in Colloid and
Interface Science, vol. 137, no. 2. pp. 57-81, Mar. 18, 2008. doi:
10.1016/j.cis.2007.07.007.
E. Rodriguez, M. R. Roberts, H. Yu, C. Huh, and S. L. Bryant,
“Enhanced Migration of Surface-Treated Nanoparticles in Sedimentary
Rocks,” SPE International, vol. 124418, pp. 4-7, 2009.
B. Engeset, The Potential of Hydrophilic Silica Nanoparticles for EOR
Purposes. Earth Sciences and Petroleum Engineering, 2012.
B. Yuan and R. G. Moghanloo, “Nanofluid pre-treatment, an effective
strategy to improve the performance of low-salinity waterflooding,” J
Pet Sci Eng, vol. 165, pp. 978-991, Jun. 2018, doi:
10.1016/j.petrol.2017.11.032.
Y. Li, C. Dai, H. Zhou, X. Wang, W. Lv, and M. Zhao, “Investigation of
Spontaneous Imbibition by Using a Surfactant-Free Active Silica Water-
Based Nanofluid for Enhanced Oil Recovery,” Energy and Fuels, vol.
32, no. 1, pp. 287-293, Jan. 2018, doi:
10.1021/acs.energyfuels.7b03132.
H. Mohammadi and G. R. Jerauld, “Mechanistic Modeling of the
Benefit of Combining Polymer with Low Salinity Water for Enhanced
Oil Recovery,” Society of Petroleum Engineer, pp. 14-18, 2012.



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

120
B. Shaker Shiran and A. Skauge, “Enhanced oil recovery (EOR) by
combined low salinity water/polymer flooding,” Energy and Fuels, vol.
27, no. 3, pp. 1223-1235, Mar. 2013, doi: 10.1021/ef301538e.
K. S. Sorbie, “A Proposed Pore-Scale Mechanism for How Low Salinity
Waterflooding Works,” Society of Petroleum Engineer, 2010, doi:
10.2523/129833-ms.
H. Aksulu, D. Hdmsg, S. Strand, T. Puntervold, and T. Austad,
“Evaluation of low-salinity enhanced oil recovery effects in sandstone:
Effects of the temperature and pH gradient,” in Energy and Fuels, Jun.
2012, pp. 3497-3503. doi: 10.1021/ef300162n.
P. Lemon, “Effects of Injected Water Chemistry on Waterflood Sweep
Efficiency via Induced Fines Migration,” Society of Petroleum
Engineer, pp. 11-13, 2011.
D. Arab and P. Pourafshary, “Nanoparticles-assisted surface charge
modification of the porous medium to treat colloidal particles migration
induced by low salinity water flooding,” Colloids Surf A Physicochem
Eng Asp, vol. 436, pp. 803-814, Sep. 2013, doi:
10.1016/j.colsurfa.2013.08.022.
W. Qin et al., “A nano-Fe304 material coated with AM/AMPS
copolymer for viscosity enhancement at harsh reservoir conditions,” J
Appl Polym Sci, vol. 138, no. 25, Jul. 2021, doi: 10.1002/app.50601.
M. L. D. O. Pereira et al., “Fe304Nanoparticles as Surfactant Carriers
for Enhanced Oil Recovery and Scale Prevention,” ACS Appl Nano
Mater, vol. 3, no. 6, pp. 5762-5772, Jun. 2020, doi:
10.1021/acsanm.0c00939.
Z.Xu, Z.Li, A. Jing, F. Meng, F. Dang, and T. Lu, “Synthesis of
Magnetic Graphene Oxide (MGO) and Auxiliary Microwaves to
Enhance Oil Recovery,” Energy and Fuels, vol. 33, no. 10, pp. 9585-
9595, Oct. 2019, doi: 10.1021/acs.energyfuels.9b01841.
E. Esmaeilnezhad et al., “An experimental study on enhanced oil
recovery utilizing nanoparticle ferrofluid through the application of a
magnetic field,” Journal of Industrial and Engineering Chemistry, vol.
58, pp. 319-327, Feb. 2018, doi: 10.1016/j.jiec.2017.09.044.
N. Yahya, M. Kashif, N. Nasir, M. N. Akhtar, and N. M. Yusof, “Cobalt
ferrite nanoparticles: An innovative approach for enhanced oil recovery
application,” Journal of Nano Research, vol. 17, pp. 115-126, Feb.
2012, doi: 10.4028/www.scientific.net/JNanoR.17.115.
N. Songvorawit, K. Tuitemwong, and P. Tuitemwong, “Single Step
Synthesis of Amino-Functionalized Magnetic Nanoparticles with Polyol
Technique at Low Temperature,” ISRN Nanotechnology, vol. 2011, pp.
1-6, Jun. 2011, doi: 10.5402/2011/483129.
H. Veisi et al., “Bio-inspired synthesis of palladium nanoparticles
fabricated magnetic Fe304 nanocomposite over Fritillaria imperialis
flower extract as an efficient recyclable catalyst for the reduction of



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

121
nitroarenes,” Sci Rep, vol. 11, no. 1, Dec. 2021, doi: 10.1038/s41598-
021-83854-1.
X. Wang, J. Zhuang, Q. Peng, and Y. Li, “A general strategy for
nanocrystal synthesis,” Nature, vol. 437, no. 7055, pp. 121-124, Sep.
2005, doi: 10.1038/nature03968.
N. Izadi, M. M. Koochi, A. Amrollahi, and M. Pourkhalil,
“Investigation of functionalized polyelectrolyte polymer-coated Fe304
nanoparticles stabilized in high salinity brine at high temperatures as an
EOR agent,” J Pet Sci Eng, vol. 178, pp. 1079-1091, Jul. 2019, doi:
10.1016/j.petrol.2019.01.074.
M. Zhou, J. Zou, Y. Gu, R. J. Y1, and H. Tu, “Preparation of magnetic
polymer nanosphere and its profile control,” J Dispers Sci Technol, vol.
41, no. 4, pp. 557-565, Mar. 2020, doi:
10.1080/01932691.2019.1593860.
H. Divandari, A. Hemmati-Sarapardeh, M. Schaffie, and M. Ranjbar,
“Integrating synthesized citric acid-coated magnetite nanoparticles with
magnetic fields for enhanced oil recovery: Experimental study and
mechanistic understanding,” J Pet Sci Eng, vol. 174, pp. 425-436, Mar.
2019, doi: 10.1016/j.petrol.2018.11.037.
B. Ju, T. Fan, and M. Ma, “Enhanced oil recovery by flooding with
hydrophilic nanoparticles,” China Particuology , vol. 4, no. 1, pp. 41—
46, 2006, doi: 10.1016/s1672-2515(07)60232-2.
M. A. Ahmadi, Z. Ahmad, L. T. K. Phung, T. Kashiwao, and A.
Bahadori, “Evaluation of the ability of the hydrophobic nanoparticles of
Si02 in the EOR process through carbonate rock samples,” Pet Sci
Technol, vol. 34, no. 11-12, pp. 1048-1054, Jun. 2016, doi:
10.1080/10916466.2016.1148052.
A. Agi et al., “Ultrasound-assisted weak-acid hydrolysis of crystalline
starch nanoparticles for chemical enhanced oil recovery,” Int J Biol
Macromol, vol. 148, pp. 1251-1271, Apr. 2020, doi:
10.1016/j.ijbiomac.2019.10.099.
S.Li, Y. H. Ng, H. C. Lau, O. Torseter, and L. P. Stubbs,
“Experimental investigation of stability of silica nanoparticles at
reservoir conditions for enhanced oil-recovery applications,”
Nanomaterials, vol. 10, no. 8, pp. 1-15, Aug. 2020, doi:
10.3390/nan010081522.
P. Rostami, M. Sharifi, B. Aminshahidy, and J. Fahimpour, “Enhanced
oil recovery using silica nanoparticles in the presence of salts for
wettability alteration,” J Dispers Sci Technol, vol. 41, no. 3, pp. 402—
413, Feb. 2020, doi: 10.1080/01932691.2019.1583575.
J. A. Ali, K. Kolo, A. Khaksar Manshad, and K. D. Stephen, “Low-
Salinity Polymeric Nanofluid-Enhanced Oil Recovery Using Green
Polymer-Coated ZnO/SiO 2 Nanocomposites in the Upper Qamchuga
Formation in Kurdistan Region, Iraq,” Energy and Fuels, vol. 33, no. 2,
pp. 927-937, Feb. 2019, doi: 10.1021/acs.energyfuels.8b03847.



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

122
L. Hendraningrat and O. Torsater, “Metal oxide-based nanoparticles:
revealing their potential to enhance oil recovery in different wettability
systems,” Applied Nanoscience (Switzerland), vol. 5, no. 2, pp. 181—
199, Feb. 2015, doi: 10.1007/s13204-014-0305-6.
L. Hendraningrat, B. Engeset, S. Suwarno, and O. Torsaeter, “Improved
Oil Recovery by Nanofluids Flooding: An Experimental Study,” SPE
International, vol. 163335, 2012, doi: 10.2118/163335-ms.
Y. Kazemzadeh, S. E. Eshraghi, K. Kazemi, S. Sourani, M. Mehrabi,
and Y. Ahmadi, “Behavior of asphaltene adsorption onto the metal
oxide nanoparticle surface and its effect on heavy oil recovery,” Ind Eng
Chem Res, vol. 54, no. 1, pp. 233-239, Jan. 2015, doi:
10.1021/ie503797g.
Y. Kazemzadeh, M. Sharifi, M. Riazi, H. Rezvani, and M. Tabaei,
“Potential effects of metal oxide/Si02 nanocomposites in EOR
processes at different pressures,” Colloids Surf A Physicochem Eng Asp,
vol. 559, pp. 372-384, Dec. 2018, doi: 10.1016/j.colsurfa.2018.09.068.
H. Rezvani, M. Riazi, M. Tabael, Y. Kazemzadeh, and M. Sharifi,
“Experimental investigation of interfacial properties in the EOR
mechanisms by the novel synthesized Fe304@Chitosan
nanocomposites,” Colloids Surf A Physicochem Eng Asp, vol. 544, pp.
15-27, May 2018, doi: 10.1016/j.colsurfa.2018.02.012.
X. Y. Hou etal., “Synthesis and characters of Fe 30 4/AMPS magnetic
composite material,” in Advanced Materials Research, 2012, pp. 1323-
1327. doi: 10.4028/www.scientific.net/ AMR.535-537.1323.
T.P. Nguyen, U. T. P. Le, K. T. Ngo, K. D. Pham, and L. X. Dinh,
“Synthesis of Polymer-Coated Magnetic Nanoparticles from Red Mud
Waste for Enhanced Oil Recovery in Offshore Reservoirs,” J Electron
Mater, vol. 45, no. 7, pp. 3801-3808, Jul. 2016, doi: 10.1007/s11664-
016-4513-6.
K. S. Sorbie, Polymer-Improved Oil Recovery. Springer Netherlands,
1991. doi: 10.1007/978-94-011-3044-8.
J. Wang and H. Liu, “A novel model and sensitivity analysis for
viscoelastic polymer flooding in offshore oilfield,” Journal of Industrial
and Engineering Chemistry, vol. 20, no. 2, pp. 656-667, Mar. 2014, doi:
10.1016/j.jiec.2013.05.030.
A. Mohsenatabar Firozjaii and H. R. Saghafi, “Review on chemical
enhanced oil recovery using polymer flooding: Fundamentals,
experimental and numerical simulation,” Petroleum, vol. 6, no. 2. KeAi
Communications Co., pp. 115-122, Jun. 01, 2020. doi:
10.1016/j.petlm.2019.09.003.
M. Lin, Q. Zhao, S. Dang, Z. Yang, Z. Dong, and J. Zhang,
“Temperature resistance of AM/AMPS/NVP copolymer microspheres,”
Iranian Polymer Journal (English Edition), vol. 29, no. 5, pp. 445-453,
May 2020, doi: 10.1007/s13726-020-00809-5.



[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

123
A. Moradi-araghi, P. Petroleum, C. Peter, and H. Doe, “Hydrolysis and
Precipitation of Polyacrylamides in Hard Brines at Elevated
Temperatures,” 1987.
rican Cynamid Co, “Chemical Stability Limits of Water-Soluble
Polymers Used in Oil Recovery Processes,” 1988.
Q. Li, W. Pu, Y. Wang, and T. Zhao, “Synthesis and assessment of a
novel AM-co-AMPS polymer for enhanced oil recovery (EOR),” in
Proceedings - 2013 International Conference on Computational and
Information Sciences, ICCIS 2013, 2013, pp. 997-1000. doi:
10.1109/ICCI1S.2013.267.
Y. Tamsilian and M. Shirazi, “Smart Polymers Used for Enhanced Oil
Recovery Process: A Comparative Study,” vol. 3, pp. 109-115, 2019.
S. Masalmeh, A. AlSumaiti, N. Gaillard, F. Daguerre, and T. Skauge,
“Extending Polymer Flooding Towards High-Temperature and High-
Salinity Carbonate Reservoirs,” Society of Petroleum Engineers, 2019,
doi: https://doi.org/10.2118/197647-ms.
L. Xu et al., “Synthesis and thermal degradation property study of N-
vinylpyrrolidone and acrylamide copolymer,” RSC Adv, vol. 4, no. 63,
pp. 33269-33278, 2014, doi: 10.1039/c4ra05720a.
R. Liu, W. F. Pu, Q. Peng, and F. S. Yao, “Synthesis of AM-co-NVP
and thermal stability in hostile saline solution,” in Advanced Materials
Research, 2013, pp. 1349-1354. doi:
10.4028/www.scientific.net/ AMR.602-604.1349.
A. N. El-hoshoudy and S. M. Desouky, “Synthesis and evaluation of
acryloylated starch-g-poly (Acrylamide/Vinylmethacrylate/1-Vinyl-2-
pyrrolidone) crosslinked terpolymer functionalized by
dimethylphenylvinylsilane derivative as a novel polymer-flooding
agent,” Int J Biol Macromol, vol. 116, pp. 434-442, Sep. 2018, doi:
10.1016/j.ijbiomac.2018.05.056.
P. Zhang, S. Bai, S. Chen, D. Li, Z. Jia, and C. Zhou, “Preparation,
solution characteristics and displacement performances of a novel
acrylamide copolymer for enhanced oil recovery (EOR),” Polymer
Bulletin, vol. 75, no. 3, pp. 1001-1011, Mar. 2018, doi:
10.1007/s00289-017-2080-5.
L. Xu et al., “Synthesis and thermal degradation property study of N-
vinylpyrrolidone and acrylamide copolymer,” RSC Adyv, vol. 4, no. 63,
pp. 33269-33278, 2014, doi: 10.1039/c4ra05720a.
G. Dupuis et al., “A New Thermally Stable Synthetic Polymer for Harsh
Conditions of Middle East Reservoirs. Part I. Thermal Stability and
Injection in Carbonate Cores,” 2017.
R. Abirov, A. P. Ivakhnenko, Z. Abirov, and N. A. Eremin, “The
associative polymer flooding: an experimental study,” J Pet Explor
Prod Technol, vol. 10, no. 2, pp. 447-454, Feb. 2020, doi:
10.1007/s13202-019-0696-8.



[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

124
S. JOUENNE, “Polymer flooding in high temperature, high salinity
conditions: Selection of polymer type and polymer chemistry, thermal
stability,” J Pet Sci Eng, vol. 195, Dec. 2020, doi:
10.1016/j.petrol.2020.107545.
S. Masalmeh, A. AlSumaiti, N. Gaillard, F. Daguerre, and T. Skauge,
“SPE-197647-MS Extending Polymer Flooding Towards High-
Temperature and High-Salinity Carbonate Reservoirs,” 2019.
Y. Bhardwaj -India and M. Tamada -Japan, “Workshop on Harmonized
Radiation Graft Protocol Vienna, IAEA Headquarters,” 2014.
A. Ashfaq et al., “Polymerization reactions and modifications of
polymers by ionizing radiation,” Polymers, vol. 12, no. 12. MDPI AG,
pp. 1-67, Dec. 01, 2020. doi: 10.3390/polym12122877.
A. G. Ibrahim, A. S. Saleh, E. M. Elsharma, E. Metwally, and T. Siyam,
“Gamma radiation-induced preparation of poly(1-vinyl-2-pyrrolidone-
co-sodium acrylate) for effective removal of Co(II), Ni(II), and Cu(Il),”
Polymer Bulletin, vol. 76, no. 1, pp. 303-322, Jan. 2019, doi:
10.1007/s00289-018-2379-x.
M. Micutz, R. M. Lungu, V. Circu, M. Ilis, and T. Staicu, “Hydrogels
obtained via y-irradiation based on poly(acrylic acid) and its copolymers
with 2-hydroxyethyl methacrylate,” Applied Sciences (Switzerland), vol.
10, no. 14, Jul. 2020, doi: 10.3390/app10144960.
H. Ochiai, Y. Kurita, and I. Murakami, “Viscosity behavior of the
polyelectrolyte poly(viny1 alcohol) having some intrachain crosslinks,”
1984,
W. K. Czerwinski, “Solvent effects on free-radical polymerization, 1
Solvent effect on initiation of methyl methacrylate and N-vinyl-2-py
rrolidone,” Makromol. Chem, vol. 192, pp. 1285-1296, 1991, doi:
10.1002/macp.1991.021920606.
A. Singhal and S. M. S. Chauhan, “Free Radical Copolymerization of
Acrylamide and N-Vinylpyrrolidone Catalyzed by Iron(l11)porphyrins in
the Presence of Tonic Liquids,” Org Prep Proced Int, vol. 50, no. 3, pp.
359-371, May 2018, doi: 10.1080/00304948.2018.1462076.
G. A. R. Ramos, L. T. Akanji, and W. Afzal, “A Novel Surfactant-
Polymer/Alkaline-Surfactant-Polymer Formulation for Enhanced Oil
Recovery (EOR) Processes,” Energy and Fuels, vol. 34, no. 2, pp.
1230-1239, Feb. 2020, doi: 10.1021/acs.energyfuels.9b02275.
V. Sharma, Y. Jain, M. Kumari, R. Gupta, S. K. Sharma, and K.
Sachdev, “Synthesis and Characterization of Graphene Oxide (GO) and
Reduced Graphene Oxide (rGO) for Gas Sensing Application,”
Macromol Symp, vol. 376, no. 1, Dec. 2017, doi:
10.1002/masy.201700006.
J. Kim, L. J. Cote, F. Kim, W. Yuan, K. R. Shull, and J. Huang,
“Graphene oxide sheets at interfaces,” J Am Chem Soc, vol. 132, no. 23,
pp. 8180-8186, Jun. 2010, doi: 10.1021/ja102777p.



125

[95] M. A. Creighton, Y. Ohata, J. Miyawaki, A. Bose, and R. H. Hurt,
“Two-dimensional materials as emulsion stabilizers: Interfacial
thermodynamics and molecular barrier properties,” Langmuir, vol. 30,
no. 13, pp. 3687-3696, Apr. 2014, doi: 10.1021/1a500216n.

[96] R. Khoramian, A. Ramazani S. A., M. Hekmatzadeh, R. Kharrat, and E.
Asadian, “Graphene Oxide Nanosheets for Oil Recovery,” ACS Appl
Nano Mater, vol. 2, no. 9, pp. 5730-5742, Sep. 2019, doi:
10.1021/acsanm.9b01215.

[97] B. D. Nguyen, T. K. Ngo, T. H. Bui, D. K. Pham, X. L. Dinh, and P. T.
Nguyen, “The impact of graphene oxide particles on viscosity
stabilization for diluted polymer solutions using in enhanced oil
recovery at HTHP offshore reservoirs,” Advances in Natural Sciences:
Nanoscience and Nanotechnology, vol. 6, no. 1, Mar. 2015, doi:
10.1088/2043-6262/6/1/015012.

[98] M. A. Haruna and D. Wen, “Stabilization of Polymer Nanocomposites
in High-Temperature and High-Salinity Brines,” ACS Omega, vol. 4, no.
7, pp. 11631-11641, Jul. 2019, doi: 10.1021/acsomega.9b00963.

[99] “SO 12-2022”.

[100] Dao Thi Hai Ha, H.L., and Luong Van Tuyen, “Synthesis of additive for
reducing the melting temperature of crude oil with more content of
parrafin at White Tiger in exploiting and transporting on ester substrate
of poly-triethanolamine,” Petroleum Journal, vol. 5, pp. 26-35, 2013.

[L01]H. X. Nguyen, N. T. San, W. Bae, and C. M. Hoang, “Formation
mechanism and petroleum system of tertiary sedimentary basins,
offshore vietnam,” Energy Sources, Part A: Recovery, Utilization and
Environmental Effects, vol. 36, no. 15, pp. 1634-1649, Aug. 2014, doi:
10.1080/15567036.2010.551269.

[102]R. A. EI-Ghazawy, A. M. Atta, A. M. El-Saeed, A. E. Abdelmgied, and
N. Basiouny, “High Molecular Weight Thermally Stable Poly (Sodium
Methacrylate) / Magnetites Nanocomposites Via Emulsion
Polymerization,” 2014. [Online]. Available: www.ijera.com

[103] M. R. Mauricio, H. R. de Barros, M. R. Guilherme, E. Radovanovic, A.
F. Rubira, and G. M. De Carvalho, “Synthesis of highly hydrophilic
magnetic nanoparticles of Fe304 for potential use in biologic systems,”
Colloids Surf A Physicochem Eng Asp, vol. 417, pp. 224-229, Jan.
2013, doi: 10.1016/j.colsurfa.2012.11.014.

[104]J. Liu, L. Wang, J. Wang, and L. Zhang, “Simple solvothermal synthesis
of hydrophobic magnetic monodispersed Fe 304 nanoparticles,” Mater
Res Bull, vol. 48, no. 2, pp. 416421, Feb. 2013, doi:
10.1016/j.materresbull.2012.10.060.

[L05]P. Roonasi and A. Holmgren, “A STUDY ON THE MECHANISM OF
MAGNETITE FORMATION BASED ON IRON ISOTOPE
FRACTIONATION.”

[106] P. da Silva S and C. de Moraes D, “Iron Oxide Nanoparticles Coated
with Polymer Derived from Epoxidized Oleic Acid and Cis-1,2-



126
Cyclohexanedicarboxylic Anhydride: Synthesis and Characterization,”
Journal of Material Science & Engineering, vol. 05, no. 03, 2016, doi:
10.4172/2169-0022.1000247.

[107]P. Druetta and F. Picchioni, “Polymer and nanoparticles flooding as a
new method for Enhanced Oil Recovery,” J Pet Sci Eng, vol. 177, pp.
479-495, Jun. 2019, doi: 10.1016/j.petrol.2019.02.070.

[L08] A. T. Smith, A. M. LaChance, S. Zeng, B. Liu, and L. Sun, “Synthesis,
properties, and applications of graphene oxide/reduced graphene oxide
and their nanocomposites,” Nano Materials Science, vol. 1, no. 1, pp.
31-47, Mar. 2019, doi: 10.1016/j.nanoms.2019.02.004.

[109] X. Tan, Y. Xu, and C. Wang, “Pre-irradiation-induced graft reaction of
maleic anhydride onto polypropylene,” Radiation Effects and Defects in
Solids, vol. 161, no. 9, pp. 529-535, Sep. 2006, doi:
10.1080/10420150600825826.

[110]Y. Mizuta, R. Sugimoto, H. Okada, C. Zhao, K. Kobiro, and N.
Nishiwaki, “Graft polymerization of methyl methacrylate on the surface
of poly(ethylene-co-tetrafluoroethylene) using benzoyl peroxide as
initiator,” J Appl Polym Sci, vol. 139, no. 25, Jul. 2022, doi:
10.1002/app.52415.

[111]“Anon ICDD — International Centre for Diffraction Data”.

[112]R. M. and U. S. Cornell, “The iron oxides:Structure, properties,
Reactions, Occurences and Uses,” in The Iron Oxides, Wiley, 2006. doi:
10.1002/3527602097.ins.

[113]W. Qin et al., “A nano-Fe304 material coated with AM/AMPS
copolymer for viscosity enhancement at harsh reservoir conditions,” J
Appl Polym Sci, vol. 138, no. 25, Jul. 2021, doi: 10.1002/app.50601.

[114]L. Rodriguez et al., “A New Thermally Stable Synthetic Polymer for
Harsh Conditions of Middle East Reservoirs: Part Il. NMR and Size
Exclusion Chromatography to Assess Chemical and Structural Changes
During Thermal Stability Tests,” Society of Petroleum Engineers, pp.
14-18, 2018.

[115] K. G. Uranta, S. Rezaei Gomari, P. Russell, and F. Hamad, “Application
of polymer integration technique for enhancing polyacrylamide (PAM)
performance in high temperature and high salinity reservoirs,” Heliyon,
vol. 5, no. 7, Jul. 2019, doi: 10.1016/j.heliyon.2019.e02113.

[116]R. M. Patil et al., “Non-aqueous to agueous phase transfer of oleic acid
coated iron oxide nanoparticles for hyperthermia application,” RSC Adyv,
vol. 4, no. 9, pp. 4515-4522, 2014, doi: 10.1039/c3ra44644a.

[117]J. Ibarra et al., “Synthesis and characterization of
magnetite/PLGA/chitosan nanoparticles,” Mater Res Express, vol. 2, no.
9, Sep. 2015, doi: 10.1088/2053-1591/2/9/095010.

[118] Q. Ai et al., “One-pot co-precipitation synthesis of Fe304 nanoparticles
embedded in 3D carbonaceous matrix as anode for lithium ion
batteries,” J Mater Sci, vol. 54, no. 5, pp. 42124224, Mar. 2019, doi:
10.1007/s10853-018-3141-3.



127

[119]N. Mizutani, T. Iwasaki, S. Watano, T. Yanagida, H. Tanaka, and T.
Kawai, “Effect of ferrous/ferric ions molar ratio on reaction mechanism
for hydrothermal synthesis of magnetite nanoparticles,” 2008.

[120]R. M. Patil et al., “Non-aqueous to aqueous phase transfer of oleic acid
coated iron oxide nanoparticles for hyperthermia application,” RSC Adyv,
vol. 4, no. 9, pp. 45154522, 2014, doi: 10.1039/c3rad44644a.

[121]L. Qi, C. Song, T. Wang, Q. Li, G. J. Hirasaki, and R. Verduzco,
“Polymer-Coated Nanoparticles for Reversible Emulsification and
Recovery of Heavy Oil,” Langmuir, vol. 34, no. 22, pp. 6522-6528,
Jun. 2018, doi: 10.1021/acs.langmuir.8b00655.

[122] L. Hoang et al., “Research on evaluating, selecting and manufacturing
the VPI SP chemical product for conducting field test to enhance oil
recovery coefficient of oil fields in Cuu Long basin, offshore Vietnam,”
Petrovietnam Journal, vol. 11, pp. 45-54, Nov. 2021, doi:
10.47800/pv;j.2021.11-02.

[123] M. Mohammed and T. Babadagli, “Wettability alteration: A
comprehensive review of materials/methods and testing the selected
ones on heavy-oil containing oil-wet systems,” Advances in Colloid and
Interface Science, vol. 220. Elsevier, pp. 5477, Jun. 01, 2015. doi:
10.1016/j.cis.2015.02.006.

[124] K. Babu, N. Pal, A. Bera, V. K. Saxena, and A. Mandal, “Studies on
interfacial tension and contact angle of synthesized surfactant and
polymeric from castor oil for enhanced oil recovery,” Appl Surf Sci, vol.
353, pp. 1126-1136, Oct. 2015, doi: 10.1016/j.apsusc.2015.06.196.

[125]N. Izadi, M. M. Koochi, A. Amrollahi, and M. Pourkhalil,
“Investigation of functionalized polyelectrolyte polymer-coated Fe304
nanoparticles stabilized in high salinity brine at high temperatures as an
EOR agent,” J Pet Sci Eng, vol. 178, pp. 1079-1091, Jul. 2019, doi:
10.1016/j.petrol.2019.01.074.

[126]S. Kumar and A. Mandal, “Studies on interfacial behavior and
wettability change phenomena by ionic and nonionic surfactants in
presence of alkalis and salt for enhanced oil recovery,” Appl Surf Sci,
vol. 372, pp. 42-51, May 2016, doi: 10.1016/j.apsusc.2016.03.024.

[127] A. Singhal and S. M. S. Chauhan, “Free Radical Copolymerization of
Acrylamide and N-Vinylpyrrolidone Catalyzed by Iron(I11)porphyrins in
the Presence of lonic Liquids,” Org Prep Proced Int, vol. 50, no. 3, pp.
359-371, May 2018, doi: 10.1080/00304948.2018.1462076.

[128]L. Li et al., “A novel approach to prepare proton exchange membranes
from fluoropolymer powder by pre-irradiation induced graft
polymerization,” J Memb Sci, vol. 346, no. 1, pp. 113-120, Jan. 2010,
doi: 10.1016/j.memsci.2009.09.027.

[129]P. C. Bandara, E. T. Nadres, and D. F. Rodrigues, “Use of Response
Surface Methodology to Develop and Optimize the Composition of a
Chitosan-Polyethyleneimine-Graphene Oxide Nanocomposite
Membrane Coating to More Effectively Remove Cr(VI1) and Cu(ll) from



128
Water,” ACS Appl Mater Interfaces, vol. 11, no. 19, pp. 17784-17795,
May 2019, doi: 10.1021/acsami.9b03601.

[130]S. H. Shaikh and S. A. Kumar, “Polyhydroxamic acid functionalized
sorbent for effective removal of chromium from ground water and
chromic acid cleaning bath,” Chemical Engineering Journal, vol. 326,
pp. 318-328, 2017, doi: 10.1016/j.ce}.2017.05.151.

[131] A. Gupta, “Aggregation-Induced Emission: A Tool for Sensitive
Detection of Amines,” ChemistrySelect, vol. 4, no. 44. Wiley-
Blackwell, pp. 12848-12860, Nov. 28, 2019. doi:
10.1002/slct.201903248.

[132] A. C. Ferrari et al., “Raman spectrum of graphene and graphene layers,”
Phys Rev Lett, vol. 97, no. 18, 2006, doi:
10.1103/PhysRevL ett.97.187401.

[133]Y. Zhu et al., “Graphene and graphene oxide: Synthesis, properties, and
applications,” Advanced Materials, vol. 22, no. 35, pp. 3906-3924, Sep.
2010, doi: 10.1002/adma.201001068.

[134]W. Feng et al., “Hydrothermal synthesis of nitrogen-doped graphene as
lightweight and high-efficient electromagnetic wave absorbers,” Journal
of Materials Science: Materials in Electronics, vol. 32, no. 21, pp.
26116-26125, Nov. 2021, doi: 10.1007/s10854-021-06340-4.

[135]Z. Li et al., “Solvothermal synthesis of nitrogen-doped graphene
decorated by superparamagnetic Fe304 nanoparticles and their
applications as enhanced synergistic microwave absorbers,” Carbon N
Y, vol. 115, pp. 493-502, May 2017, doi: 10.1016/j.carbon.2017.01.036.

[136]S. W. Huang, Y. F. Lin, Y. X. Li, C. C. Hu, and T. C. Chiu, “Synthesis
of fluorescent carbon dots as selective and sensitive probes for cupric
ions and cell imaging,” Molecules, vol. 24, no. 9, 2019, doi:
10.3390/molecules24091785.

[137]G. A. Stahl, A. Moradi-Araghi, and P. H. Doe, “HIGH
TEMPERATURE AND HARDNESS STABLE COPOLYMERS OF
VINYLPYRROLIDONE AND ACRYLAMIDE ABSTRACT.”

[138]S. JOUENNE, “Polymer flooding in high temperature, high salinity
conditions: Selection of polymer type and polymer chemistry, thermal
stability,” J Pet Sci Eng, vol. 195, Dec. 2020, doi:
10.1016/j.petrol.2020.107545.

[139] A. Chapiro, “Section III. Organic3 CHEMICAL MODIFICATIONS IN
IRRADIATED POLYMERS,” 1988.

[140] A. Chapiro, “General consideration of the radiation chemistry of
polymers,” 1995.

[141]A. Y. Lee et al., “Raman study of D* band in graphene oxide and its
correlation with reduction,” Appl Surf Sci, vol. 536, Jan. 2021, doi:
10.1016/j.apsusc.2020.147990.

[142] G. Surekha, K. V. Krishnaiah, N. Ravi, and R. Padma Suvarna, “FTIR,
Raman and XRD analysis of graphene oxide films prepared by modified
Hummers method,” in Journal of Physics: Conference Series, Institute



129
of Physics Publishing, Jun. 2020. doi: 10.1088/1742-
6596/1495/1/012012.

[143] Tran Pai Lam, Cdc phwong phdp phén tich héa Iy vt liéu. NXB Khoa
hoc ty nhién va cong ngh¢, 2017.

[144]S. W. Huang, Y. F. Lin, Y. X. Li, C. C. Hu, and T. C. Chiu, “Synthesis
of fluorescent carbon dots as selective and sensitive probes for cupric
ions and cell imaging,” Molecules, vol. 24, no. 9, 2019, doi:
10.3390/molecules24091785.

[145]W. Feng et al., “Hydrothermal synthesis of nitrogen-doped graphene as
lightweight and high-efficient electromagnetic wave absorbers,” Journal
of Materials Science: Materials in Electronics, vol. 32, no. 21, pp.
26116-26125, Nov. 2021, doi: 10.1007/s10854-021-06340-4.



%T

130
PHU LUC

Phu luc 1. Két qua FT-IR caa vt liéu OMNPs

PerkinElmer Spectrum Version 10.5.2
Thursday, April 18, 2019 3:13 PM

Analyst Analyst
Datel Thursday, April 18,2019 3:13 PM

101
100

981
961
94
921
90|
881
861
84|
82
801
781

%T

4000 3500 3000 2500 2000 1500 1000 500400
cm-1

|Sample Name Description Quality Checks P: 1 {mm)

OMNPs_001_1_1 Sample 125 By Analyst Date Thursday, The Quality Checks give rise to multiple
April 18 2019 warnings for the sample.

Phu luc 2. Két qua FT-IR ciia vat ligu PMNPs

100-
95

85

751

8 & 3

4000 3500 3000 2500 2000 1500 1000 500400
cm-1
Name Description
Fe304-NVP-AM-1  Sample 246 By Analyst Date Wednesday, May 13 2020



131

2. STATGRAPHICS 18 - Untitied StatFolio

File Edit Plot Describe Compare Relate Forecast SPC DOE SnapStatsll Statiets Tools Rinterface View Window Help
DRIlQ*ERs | gRAcBYMELSreEndwd 24dn|l

[ Datasook [ = =] W% N W Q H [Tetonsie < T — |
9 stataavisor 0D EB's @ 2 ®&F 9 (e[ # e[ M

[ statGallery
StatReporter
B StatFolio Comments

Xemas Y-ads Z-ais

8] & & & & Fen

- Sundadised Parto Chut e Vinsonity 0.5 (&)
Experimental Design m_"
8 Analyze Experiment Aemeaniraton ) =]
-
= |
= see |
~|

< | <
Viscouty 8 3% ()
st 5 .
L
TR |

Optimize Rezponse - 7
(Goal. maximize Viscosity 05% (cP) H ‘

[Optimum value = 502416

[Factor [Low _[Hugt um
[Concentration (%) [150 [250 [23189%6 |
Ratio

1.0 0 171133

B8 STATGRAPHICS Centurion - Untitled StatFolie - [u] x
File Edit Define Measure Anshze Improve Control Forecast SeapStats! Tools View Window Help
CEAER 8-  SAEBYRLFEENSL 941 A
BEOHEHe BE @i ¢ 20 2 MR M

Anabyze Experiment - Hieu suat %%

Th Cams hddean

of Variance for Hiew suat % - PYP.sff -

Swm of Squares [ Df [ Moam Square_[F-Rario[P-Taiw |

21 4805 1 |21.4805 488 0.0682 e

1836.1 1 [18361 42178 |0.0000 - 3
AA 277848 1 |277848 614 Jooom
AB 432868 1 [43.2968 84 0.0202 - e F
BB 378832 1 [378432 86,09 0.0001 ‘
[Total ervor 26404 6 |2.40067 | i “F 3
Total (coe. 3601.58 1] | ok 1
Plsquared = 90 2669 percent
R-squared (adyusted for 4 ) = 98 8355 percent = = vy " =
Seandard Error of Est. = 2 09778 L] Thes g

Mean absobote error = [ 16518 -

TPherbin: Wabnon shasiosio m 3 £1618 Bl £7000

'c »
P —

—_—
B P Type here to search LHT e € M » G = R @ Ae.mw‘ﬁmm‘:;a 1)‘



