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TOM TAT

Polyme wa-ky nwéc (hydrophobically associating polyacryamide-HAP) khac voi polyme hoa
tan trong nedc truyén thong (hydrolysis polyacrylamids-HPAM) o ché ching dwoc cau tqo tir
cdc monome ¢6 nhém ky-nude trén chuéi HAP, chiing c6 kha ndng tao lién két vit Iy dang mixen
trong dung dich nwée. Cau triic ndy mang lai cdc ddc tinh luu bién va hdp phu riéng biét cho
HAP, lam cho chiing tro nén c6 nhiing tinh chdt uu viét trong cdc ung dung tang cuong thu hoi
dau (EOR). Cdc két qua thi nghiém chi ra rdng, ¢ nong dé thap, dung dich polyme wa-ky nucc
cai thién dang ké kha néng thu héi dau, voi do dich chuyen profile on dinh hon va hiéu qua quét
1ot hon so véi polyme thong thuong ¢ ciing nong d. Piém hdp dan chinh ciia cdc polyme wa-ky
miede Ny la kha ndng ting cwong dé nhot dang ké so voi cac polyme truyén thong va kha nang
duy tri dd nhot trong diéu kién lam viée & nhiét dé cao. Trong bai bdo ndy, nhém tdc gia khdo
sdt kha nang én dinh nhiét (chiu nhiét) ciia polyme wa-ky nwéc thong qua chi tiéu vé do nhot cia
dung dich khi thir & nhiét d¢ khdc nhau, qua dé khang dinh kha néing vmg dung polyme dwoc
tong hop trong phong thi nghiém cua Vién Héa hoc-Vat liéu, Vien KH-CN quan sw trong cong
nghé bom ép nham tang cueong thu hoi dau trong diéu kién via tang Miocene ha ciia cdc mé dau
trén thém luc dia Viét Nam.

Tir khoa: Cong nghé bom ép polyme; Polyacrylamid; Polyme wa-ky nudc; Kha nang chiu nhiét; EOR.
1. MO PAU

Bom ép polyme dugc ap dung rong rii nhu mot cong nghé thu hdi dau tam cip [1-3] nho cai
thién kha ning kiém soat tinh di dong va hiéu qua quét. Pham vi img dung cua polyme lam chét
tang d6 nhdt hién bi gidi han boi nhiét d6 cta via chira do sy phan hiy hoa hoc ctia polyme khi
lam viéc & nhiét d6 cao. HPAM khéng 6n dinh nhiét & nhiét do trén 60 °C [4]. Tuy thudc vao tbc
d6 bom ép, tinh thdm cua d4 chira va khoang cach giira céc giéng, cac polyme phai 6 on dinh trong
nhiéu gid ¢ diéu kién via chira. Nhiét d6 1a mot trong nhing thong s6 anh huong dén su bién doi
hodc phan g héa hoc [5]. Pbi v6i cac hé polyme trong ting cuong thu hoi dau, diéu quan trong
la phai xac dinh anh hudng cua nhiét do dén d6 4n dinh cta céc loai polyme. Khi ¢ nhiét do thép
hon, polyme s& rat 6n dinh nhiét [6], nhung khi nhiét do ting cao, nhom amit trong chudi mach
phan tir polyme s& bi thily phan, gy ra nhiing thay d6i ddng ké vé tinh chét, do 6n dinh va luu
bién ciia hé polyme, dan dén sy phan tach pha, ddc biét 1a sy thay doi vé do nhét [7, 8]. Thi
nghiém khao sat danh gia kha nang chiu nhiét dugc tién hanh & nhiét 46 110 °C twong duong voi
nhiét do cao nhét cta via chira ting Miocene ha cia mé Bach Hé. Két qua nghién ctru mang lai hy
vong dang ké cho viée str dung cac polyme wa-ky nude trong cong nghé ting cudng thu hdi dau.

Trong bai béo ndy, nhom tac gia thir nghiém dbi v6i polyme HPAM va HAP (ky hiéu HAP
2S) dén nhiét d6 110 °C, day 1a nhiét d6 thir nghiém cao hon so vdi cac cong trinh nghién ciru
duoc cong bd trude day va la nhiét d6 lam viéc cao nhat (gi61 han trén tir 80 - 110 °C) tai cac via
tang Miocene ha cta Viét Nam.
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2. THUC NGHIEM

2.1. Dung cu, hoa chat

- Thiét bi, dung cu: cdc thuy tinh 3 lit, 5 lit; binh dinh lugng 1 lit; may khuay Balan cong suat
1 kw ¢6 di€u chinh toc d9, bép dién 1.5 kw; bd loc chan khong, thé tich 3 lit; nhiét ké 0 - 300 °C,
may do do nhét Brookfield Viscometer DV-1I+Pro c6 kém theo cac binh gia nhiét.

- Ho4 chat: HPAM (Sigma Aldrich) ¢6 trong lugng phan tir khoang 10 triéu dve, HAP 25 cod
trong luong phan tir khoang 10 triéu dve (HAP 2S dugc ché tao tai Vién Hoa hoc-Vat liéu, Vién
KH-CN quan su bang phuong phéap bién tinh hitu co HPAM), nudc mudi véi ham luorng NaCl
3,36%, nudc bién tong hop theo cong thirc cua Vién Nghlen ctru Khoa hoc va Thiét ké (NIPI)
ctia Lién doanh Viét-Nga Vietsovpetro (VSP), nu6c cit 1 lan.

2.2. Thuc nghiém
2.2.1. Quy trinh chudn bi dung dich

- Chuén bj dung dich HPAM c6 trong luong phan tor khoang 10 triéu dve va HAP co trong
lugng phan tir khoang 10 triéu dvc, hoa tan trong nudc bién theo cong thirc cia VSP, dat nong do
trong khoang 2 - 5 g/L, & giai doan nay dung dich HPAM va HAP st dung cho cac thi nghiém
khong nén pha loang qua 10 lan nong d6 dy dinh pha ban dau;

- Sau khi HPAM va HAP dat nong d6 khoang khoang 2 - 5 g/L, dung dich duoc khudy déu,
loc chan khong qua bo loc ¢d 10 40 pm dé loai bo tap chat va microgel. Thoi gian loc thay doi
tuy theo do man ctia nudce, loai polyme va nong dg. Hut chan khong trong qua trinh loc cac dung
dich polyme;

- Pé dung dich 6n dinh khoang 12 - 15 gid, cac dung dich hé polyme HPAM, HAP, st dung
trong cac thi nghiém, khao sat déu dugc st dung cho cong nghé bom ép polyme nham tang
cuong thu hoi dau, hién da va dang st dung.

Sau qua trinh pha ché s& xac dinh do 6n dinh cta polyme thong qua do do nhét trong moi
truong lam viéc khac nhau: nudc bién, nhiét do cao,...

2.2.2. Phuong phap nghién ciru

Do d6 nhot tuyét ddi trén may do do nhét Brookfield Viscometer DV-11+Pro. Do nhét 1a mot
ham véi bién la nong dg, nhiét d6 va d6 man cta dung dich, d6 on dinh vé d0 nhdt la gia tri danh
gia chat luong ctia polyme lam viéc & moi truong nude man va nhiét d¢ cao. Hién nay, Vién
Nghién ctru Khoa hoc va Thiét ké (NIPI) ciia Lién doanh Viét-Nga Vietsovpetro chi sit dung
phuong phap duy nhit dé danh gia kha nang chiu nhiét cua dung dich polyme, thong qua su suy
giam vé do nhét ciia dung dich sau mot s6 chu ky thir nghiém & nhiét d6 nhét dinh. Do d6, nhém
tac gia s& st dung phuong phap ndy dé danh gia kha nang chiu nhiét ctia hé hoa pham polyme,
theo cac phuong phap nghién ctru ctia Vién NIPI.

3. KET QUA VA THAO LUAN
3.1. Panh gia kha ning chiu nhiét cia h¢ HPAM trong nwéc bién khi thir & nhiét do 110 °C.

- Chuén bj miu hé HPAM, véi ndng do 2,5 g/L trong nudc bién téng hop theo cong thirc
cua VSP.

- Lay h¢ HPAM cho vao Autoclave 500 mL, thir & nhiét d6 110 °C, trong vong 10 ngay. Sau
d6 dé ngudi mau dén nhiét do phong.

- Do d9 nhét (cP) clia mau trude va sau khi thir & nhiét do trén.

Két qua khao sat dung dich polyme HPAM trong nudc bién, & nhiét do thuong (20 °C), cho
thay: ¢ toc d9 trugt khac nhau (t khoang 1 s deén 200 s™), d6 nhét cia dung dich HPAM thay
do6i khoéng dang ké (n khoang 17,7 cP dén 24 cP), diéu nay khang dinh toc d6 truot (t) khong anh
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hudng nhiéu téi d6 nhét (1) ciia polyme, day la yéu to quan trong cho viéc sir dung polyme dé
lam tang d6 nhét pha nudc khi bom ép, nham ting cuong thu hdi dau. Tuy nhién, do nhét khi tha
o nhiét d6 110 °C cua dung dich polyme HPAM trong nudc bién bj suy giam, chi con lai khoang
10 - 40% so voi do nhot trude khi thir (do ¢ cung diéu kién). Nhu vay, khi thr & nhiét d6 cao va
moi truong nudc bién da 1am phan huy va thay phan phan tir polyme HPAM, do d6, do nhot
giam dang ké, 1am giam hiéu qua ting cudng thu hdi dau, do khi bom ép phan 16n 4p suat bom s&
chi tao ra ludi nude, gidm hi¢u qua bom ép thu hoi dau.
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Hinh 1. Khdo sdt dé nhét ciia hé HPAM trudc va sau khi thir & nhiét do 110 °C.

3.2. Khao sat kha ning chiu nhiét ciia dung dich polyme wa-ky nwoec HAP 2S khi cO mat
cuia cac chat khir oxy

Co ché tao hé hoa pham HAP 28 nhu sau: polyacryamide tién hanh thay phén mot phan trong
moi truong kiém tao PHPAM(Partially Hydrolyzed Polyacryamide) sau d6 tién hanh phan tmg
trao doi ion mdt phan véi mot trong tac nhéni cac chg‘lt amin bac hai hodc ba, cac polyamin, mudi
amoni..., khi d6 phan g theo co ché trao doi ion, tong quat nhu sau:

RN*(Cl - or Br ") + (K* or Na* )-PHPAM —— RN*- PHPAM + Na*(Cl “or Br °)

Phéan tng cang dé dang xdy ra khi st dung tac nhén trao d6i véi PHPAM la mudi amino bac
4, phan Gng trao d01 mudi ndy xay ra ngay trong mdi trudng nude va ké ca nudc bién ¢ diéu kién
nhiét do va ap suit thuong.

So do nhu sau:

NH: O —K*orNa* NH: O—K'orNa*
é:ml::o CH; ¢::=0:C=0
—CH;—CH—CH—CH:— Cll‘l — (I.',H—CH;— + I(CanCHz—Nl*—(CuHu)]C]' wee= — CH; —CH—CH —CH;— CH — CH—CH;: — + (KorNa)Cl
C|=0 (|:=0 ‘CI‘{; C‘ﬁo‘czﬂ
I'LHI (l)—K+ or Na* f‘\'H] (‘)—NR

Trong do: gdc R ¢6 s6 C trong khoang Cg dén Ca.

- Tuong tu chuin bi miu hé HAP 2S, véi nong do 2,5 g/L trong nudc bién téng hop theo
cong thirc cua VSP.

- ;éy hé HAP 28 cho vao Autoclave 500 mL, thir & nhiét do 110 °C, trong vong 10 ngay. Sau
d6 dé ngudi mau dén nhiét do phong.

- Po d6 nhét cia mau trude va sau khi thir & nhiét do trén.

'Qua khao sat dung dich polyme HAP 28 trong nudce bién, & nhiét d6 thudng (20 °C) ciing cho
thay: ¢ toc d¢ trugt khac nhau (t khoang 1 s dén 200 s™), d nhét cia dung dich HAP 28 ciing
thay doi khong dang ké (n khoang 18,5 cP deén 24 cP), dicu nay khang dinh HAP 2S ciing la h¢
hod pham ly tudng, sir dung c6 hiéu qua trong khai thac dau khi nham tang cudng thu hoi dau. 0]
déy, do nhot khi thir & nhiét d6 110 °C cua dung dich HAP 28 trong nudce bién thay doi khong
dang ké, do nhdt con lai cao khoang 96 - 98,4% so vdi dd nhdt trude khi thir. Nhu vay, khi thtr o
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nhiét d cao va trong moi truong nude bién, d6 nhot suy giam khong dang ké, thong qua chi tiéu
v€ d6 on dinh d6 nhét céd thé nhan dinh rang hé polyme HAP 2S ¢6 kha nang chiu nhiét tot, Do
nhdt suy giam thap khi thir & nhiét d¢ téi 110 °C.
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Hinh 2. Khao sdt do nhot ciia hé HAP 28 trude va sau khi thir o nhiét do 110 °C.
3.3. Danh gia kha nang chiu nhlet cua he hoa pham HAP 2S bang phu’o’ng phap TG va FTIR
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Hinh 3. TG va FTIR ciia hé HAP 2S trudc va sau khi thir ¢ nhiét do 110 °C.

Trén gian d6 TG, hé hoa pham HAP 2S bét dau giam trong lugng & nhiét do 127,99 °C va
giam nhanh nhét & nhiét 46 373,95 °C, ching t6 hé polyme HAP 2S chiu dugc nhiét do toi
127,99 °C day la co s& khéng dinh hé polyme hoan toan lam viéc & nhiét d6 < 127,99 °C; trén
gian d0 FTIR ciia h¢ HAP 2S thiy rang sau khi nung & nhiét do 110 °C trong vong 02 ngay thi
gian d6 FTIR cua hé HAP 2S nhudng nhu khong thay d6i ca vé chidu cao céc pic va thanh phan
cac pic, chirng té h¢ polyme khéng bi phan huy khi lam viéc & nhi¢t d§ 110 °C.

4. KET LUAN

- Nghién ciru danh gia khao sat kha niang chiu nhiét ciia hé HAP 2S véi HPAM c6 cho thay
kha nang chiu nhiét cua h¢ HAP 2S dugc cai thién mot cach rd rét trong diéu kién nhiét do dén
110 °C. Nhu vay, hé hoa pham HAP dap tmg duoc héu hét cac yéu cau st dung trong diéu kién
nhiét d6 lam viéc ciia da sb cac via ting Miocene ha ctia Viét Nam (giéi han nhiét d¢ lam viéc
cao nhét tir 80 - 110 °C).

- Qua nghién ciru khao sat kha nang chiu nhiét cta cdc hé hoa pham polyme nhim nang cao
hé s6 thu hoi diu bang phuong phéap gian dd TG va xac dinh mirc dd phan huy cta polyme khi
nung & nhiét do 110 °C, trong vong 02 ngay, budc dau di dé xuit dugc hé polyme ua-ky nudc
HAP 2S c6 thé dap ung duoc cac ung dung cho cong ngh¢ tang cuong thu ho1 dau cia tang
Miocene ha. Tuy nhién, d c6 hé hoa pham hoan thién cin c6 cac nghién ctru tiép theo, nhu bd
sung chét hoat dong bé mit, phu gia kiém soat 0xy,... dé c6 thé ung dung vao thtr nghiém cé hiéu
qua cac mo hién da va dang khai thac tAng miocene ha cua Viét Nam.
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ABSTRACT

Studying the heat resistance of hydrophilic-hydrophobic polymer
used in enhancing oil recovery

Hydrophobically associating polyacrylamide (HAP) polymers differ from traditional
water-soluble polymers (hydrolysis polyacrylamides (HPAM) in that they are partially
composed of hydrophobic monomers on the HAP chain, which are capable of forming
physical bond in the form of micelles in aqueous solution. This structure imparts distinct
rheological and adsorption properties to HAP, making them outstanding in enhanced oil
recovery (EOR) applications. Experimental results indicate that, at low concentrations,
the hydrophilic-hydrophobic polymer solution significantly improves oil recovery, with
more stable profile shifts and better scanning efficiency than conventional polymers at the
same concentration. The main attractions of these hydrophilic polymers are their ability to
significantly increase viscosity compared to conventional polymers and their ability to
maintain viscosity under high-temperature operating conditions. In this paper, the authors
investigated the thermal stability (heat resistance) of the hydrophilic-hydrophobic polymer
through the property of the viscosity of the solution when tested at high temperatures,
thereby confirming the ability to use polymers synthesized in the laboratory of the Institute
of Chemistry-Materials, the Military Academy of Science and Technology in injection
technology to enhance oil recovery in the condition of the lower Miocene formation of oil
fields on the continental shelf of Vietnam.

Keywords: Polymer injection technology; Polyacrylamide; Hydrophilic - hydrophobic polymer; Heat resistant; EOR.

Tap chi Nghién citu KH&CN quin su, S6 Déc san FEE 2023, 251-255 255


https://doi.org/10.1016/S0377-0257(00)00093-8
https://doi.org/10.1021/la991691

