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TOM TAT

Polyme wa-ky nuée cé tiém ndng thay doi sdu sdc kha ndang tang cuwong thu hoi dau trong
cong nghé bom ép va dwoc dwoc lya chon dp dung nhw mot phicong phdp thu hoi dau tang
cwong méi. Bai viét dé cdp dén két qud nghién civu khao sat dnh hudng ciia cdc yéu té dén do
nhdt cia cdc polyme wa-ky nudc trén co so polyacryamide (hydrophobically associating
polyacryamide-HAP) sir dung trong céng nghé bom ép nham tang cuong thu hoi dau: HAP 68,
HAP 3SP va HAP 2SP. S gia tang dé nhét ciia polyme cé thé cdi thién hiéu qua quet trong qué
trinh tang cuong thu héi dau, dp nhét I6n ciia cac polyme dia trén sw mé rong chudi phén tir va
can tré vt Iy cde mach bi solvat héa, do nhét dung dich ciia cdc polyme tong hop, dwroc nghién
cuu nhw cac ham clia n(;ng do, nhiét do va do man. Viéc nghién cuu khao sat va danh gia sé luva
chon dwoc ham luong polyme wa-ky nuoc thich hop chiu dwoc man (ham lwong NaCl khodng tir
3-3,5%) nham img dung ngay trén cdc gian khoan khai thac ngodi khoi, chiu dwoc nhiét khi lam
viéc ¢ moi truong nhiét do cao dén 110 °C. Két qua nghién ciru Ndy la tién dé cho danh gid tiép
theo trong qud trinh dé xudt ung dung logi polyme wa- ky nudc cho qud trinh bom ép polyme
tiang cwong thu hoi dau tai giéng khai théac ciia nwde ta nhat la tai cdc tang Miocene.

Tir khéa: Cong nghé bom ép polyme; Polyme wa-ky nudc; Kha nang chiu méan; Chiu nhiét.
1. MO PAU

Vai trd ciia polyme trong hau hét cac ung dung dé ting cudng thu hdi dau, cha yéu dé lam
tang d6 nhét ciia pha nudce (46 nhdt & day 1a do nhét dong luc hay do nhét tuyét dbi, don vi tinh
la poise-P) [1, 2, 12], cac nhém cacboxylat trong polyme wa-ky nudce trén polyacryamide: HAP
6S, HAP 3SP va HAP 2SP,... ¢6 tic dung mé rong chudi mach do lyc ddy ciia cic nhém ion,
dan dén do nhét cua dung dich ting 1én. DO nhét cua dung dich polyacryamide thuy phan mot
phan (HPAM) ting khi phan tir luong tang lén [3]. Tuy nhlen HPAM c6 khéi luong phan tir 16n
thuong bi phan hiy do khi lam viée & tdc do trugt 16n vi cdu trac polyme khong thé phuc hdi.
Khi téc do truot 16n s& pha v mach chinh polyme, lam d6 nhét suy giam [4, 8]. CAc polyme noi
chung déu thé hién d6 nhot giam dan khi nhiét d6 duoc tang 1én, do d6 pham vi tng dung cta
polyme thuy phan bi han ché. Polyme lién két ua-ky nudc hoa tan trong nudc 1a mét loai polyme
tuong ddi méi, gan day da dugc dua vao cac ung dung tang cuong khai thac. Vé co ban, cac
polyme nay bao gom mét mach dai wa nude, voi mot s6 lwong nho cac nhom ky nude duge gin
cuc bd hodc ngiu nhién doc theo mach hodc & dau mach [5, 9] Khi cac polyme nay dugc hoa tan
trong nudc, cac nhom ky nudc tap hop lai dé giam thiéu tiép xuc voi nude. Cac polyme wa- Ky
nudc ching t6 kha nang cao chdng lai sy pha hiy co hoc chit yéu 1a do sy phuc hdi ctia ciu tric
mang khong gian va d6 nhét ciu triic dudi cac lién két. Cac thi nghiém trong phong thi nghiém
dugc thyc hién dé xac dinh cac tinh chat vat 1y cua cac dung dich polyme wa-ky nuée [6, 7, 10].
Diém hip din chinh cua cac polyme ua-ky nudc ndy la kha ning ting cudng do nhét dang ké so
v6i cac polyme thong thuong va kha niang duy tri d6 nhét trong didu kién nuwdc man va lam viée
0 mai truong nhiét do cao [11].
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2. THUC NGHIEM

2.1. Dung cu, héa chat

- Thiét bi, dung cu: cdc thuy tinh 3 lit, 5 lit; binh dinh luong 1 lit; may khudy Balan cong suat
1kw c6 dicu chinh toc d9, bép dién 1.5 kw; ti say chan khong; nhiét ké 0-300 °C, may do do
nhdét Brookfield Viscometer DV-II+Pro c6 kém theo cac binh gia nhiét.

- Hoa chat: HPAM (SigmaAldrich), HAP 6S, HAP 3SP va HAP 2SP... nano SiO; dugc bién
tinh bang epoxy E-44, hai loai hoa chat nay dugc tong hop tai Vién Hoa hoc-Vat li¢u, Vién KH-
CN quan su (co ché phan tmg va quy trinh s& dugc chuyén glao cho Lién doanh Viét-Nga
Vietsovpetro), nugc mudi véi ham lugng NaCl 3 - 3,5%, nudc cat 1 lan.

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

- Dung dich HPAM va HAP dam dic c6 ndng d6 5000 ppm dugc hoa tan trong nudc, & giai
doan nay dung dich HPAM va HAP sir dung cho cac thi nghiém khong nén pha loang qua 10 lan
nong d6 dinh pha ban dau;

- Sau khi cac dung dich da pha lodng tir dung dich c6 ndng d6 5000 ppm, dugc kl}uéiy déu, loc
chan khong qua bg loc ¢& 10 40pum dé loai bo ket tiia va microgel. Thoi gian loc thay doi tuy theo do
man cua nudc, loai polyme va nong do. Hut chan khong trong qua trinh loc cac dung dich polyme;

- Sau khi pha dugc dung dich polyme, tién hanh cho tir tir lvong nano SiOz l:gién tinh da duoc
chuan bi vao dung dich polyme trong khoang thoi gian 30 phut, khuay déu & toc do thap (120 -
150 vong/phat);

- Pé dung dich on dinh‘ qua dém, cac dung dich hé polyme HPAM, HAP SiOz st dung trong
cac thi nghiém, khao sat déu duoc sir dung cho cong nghé bom ép polyme nham ting cudng thu
hoéi dau, hién da va dang nghién curu.

Sau qué trinh pha ché s& xac dinh d6 6n dinh cta polyme théng qua do d nhét tuyét doi
trong méi truong lam viéc khac nhau: nude bién, nhiét do cao,...

2.2.2. Phuwong phap nghién ciru

- D6 nhét dong luc hay d6 nhot tuyét ddi: ky hidu 1a n, 13 Iuc tiép tuyén trén mot don vi dién
tich bé mat, duoc biét nhu mot img sudt truot T (biéu thi bang pascal), can thiét dé di chuyén mot
16p chat léng 1 m? song song v&i mat phang trugt ¢ toc do (t) la 1 m/s so voi 16p chat long song
song & mot khoang cach (x) 1a Im. Ty I¢ dv/dx la gradient vén toc cho toc do truot D, biéu thi 1a
nghich dao cua gidy (s*) van = 1/D. Don vi cua do nhét dong luc 1a pascal gidy (Pas). Ngoai ra,
nguoi ta con dung don vi do nhét dong luc 1a poise (P) va wde so hay dung la centipoise (cP).

D6 nhét ciia nd 1a mot ham véi bién 1a ndng do, nhiét dd va dé mian cua dung dich, d6 6n dinh
v€ d0 nhot l1a gia tri danh gia chat luong cua polyme lam viéc & mdi truong nude man va nhiét do
cao. DO nhé6t cia cac dung dich polyme nay dugc do bang may do do nhdt Brookfield DV-
I1+Pro.

- Phd hong ngoai dé xac dinh cac thong tin vé nhom chirc, lién két trong phan tir polyme ua-
ky nudc, dua vao sy dao dong cua cac lién két dugc ghi trén may chup pho hong ngoai Nicolet
6700 FT-IR spectrometer.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru tinh chit héa 1y, cic nhém chirc trong HPAM va HAP

Nhu vay, HPAM cho d¢ thuy phan trong nudc 16n hon so voi HAP (> 30%mol), thoi gian
hoa tan hoan toan trong nu6c ngan < 2 gig, d6 hoan tan cao hon (0,2 - 0 ,5). Tuy nhién, tap chat
co hoc 16n hon (0,02 - 0,03%KL) va chi s tham loc twong duong véi HAP tir 1-1,2. Biéu nay
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ching t6 HAP muc d6 thuy phan trong nudc nho thé hién mot phan ky nudc cua polyme nay,
trong s cac polyme ua ky nude thiy rang trong luong phan tir 6 sy chénh nhau kha 16n, nhung
¢6 d6 thuy phan trong nudc thay doi khong nhiéu do trong phén tir cia HAP 6S, HAP 3SP va
HAP 2SP bao gdm cac nhom chirc khac nhau diéu nay thay rd trong két qua do IR.

Bing 1. Tinh chat héa Iy ciia HPAM va HAP ban dau.

Théng so HAP 6S HAP 2SP | HAP 3SP HPAM
Mau sic Tring Tring Tring Tring
Ham lugng (% khdi luong) >80 >80 >90 > 90
Phan tir lugng, triéu PvC > 25 13-25 10-13 > 17
D¢ thiy phan (%mol) 20-30 20-30 20-30 > 30
Thoi gian hoa tan trong nudce (gid) >2 >2 >2 <2
Do hoa tan trong nude (Khoi luong,%) | 0,1-0,2 <0,2 <0,2 0,2-0,5
Tap chat (% theo khoi lugng) 0,01-0,02|0,01-0,020,01-0,02|0,02-0,03
Chi s6 thim loc 1-12 1-2 1-2 1-15
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Hinh 1. Xdc dinh nhém chire bang phé hong ngoqi IR ciia
HAP 6S (a) HAP 3SP (b) va HAP 2SP (c).

Két qua phan tich phd hong ngoai mau HAP 6S (hinh 1a); HAP 3SP (hinh 1b); HAP 2SP
(hinh 1c) déu cho hai pic hap thy 16n nhat tai 1655 cm™' va 3465 cm™ 1a dao dong cua nhom amit
N-H va dao dong keo dai ciia nhom cacbonyl C = O. Nhu vay, cac thanh phan chinh cta polyme
c6 chira cac dao dong ctia monome AM va AA. Ngoai ra, mau HAP 6S (hinh 1a) chua cac pic
hép thu ¢ 1119 - 1167 cm™ 1a hap thu ctia nhom axit sulfonic, cho thay sy hién dién cta thanh
phan 2-acrylamido-2-methyl propane sulfonic acid (AMPS) trong HAP 6S va trong HAP 3SP
(hinh 1b); HAP 2SP (hinh Ic) déu chira dao dong tai 2930 cm? 1a dac trung dao dong cua lién
két C-H. Nhom -R la nhom ky nudéc chinh dugc gan vao mach phén tir ciia polyacrylamide.
3.2. Khéo sat va danh gia do nhét ciia polyme véi nong dd, nhiét do va do min cia dung
dich khac nhau
3.2.1. Khado st ¢ nhét ciia dung dich polyme trong mieée va nude bién

Nghién ctru t6i wu ndng dd polyme trong dung dich:
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THAY POI PQ NHOT CUA CAC POLYME HAP 2SP, 3SP, 65 VA HPAM
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Hinh 2. Biéu do dj nhét ciia cac dung dich polyme trong nuée cat 1 lan.

Két qua khao sat d6 nhot ciia cac dung dich polyme trong nuéc cét 1 1an v6i nong do thay doi
tr 1000 — 4000 ppm ¢ dicu kién nhiét d6 phong (20 - 25 °C) cho thay:

- Do nhot cua cac polyme HPAM va HAP déu ting khi ndng do ting;

- Do nhét ciia cac polyme HPAM va HAP déu giam khi tdc truot ting;

- B§ nhét cia cac polyme wa-ky nudce 16n hon d6 nhét (10 - 100 cP) cua HPAM 6 cung ndng
d0 va toc do truot.

Nhu vay, ndng do ctia polyme ti wu sau khi khao sat khoang 3000 ppm.

. Nghién ctru kha nang chiu man cua polme: Thi nghiém tuong tu nhu trong méi truéng nude
cat 1 lan, két qua khao sat do nhot tuyét doi ciia dung dich polyme trong moé phong nudc bién
(ham lugng 3,5%NaCl) ¢ nhiét 46 thuong cling cho thiy: Do nh6t cia cac polyme wa-ky nude
trong nudc bién déu tang khi ndng do tang va cung chon duogc nong do ciia polyme t6i wru sau khi
khao sat trong nudc blen khoang 3000ppm, ngoai ra thiy rang kha niang duy tri dd nhét cia cac
polyme trong nudc bién theo thu tu: HAP 6S>HAP 3SP>HAP 2SP>HPAM. Nhu vay, kha nang
chiu man ciing theo thtr tuy: HAP 6S>HAP 3SP>HAP 2SP>HPAM.

3.2.3. Khado sat anh huong cia nhiét dg lén do nhét ciia dung dich polyme trong nudc bién (dé
man 3,5%)

Khi thir nghiém véi nhiét do (ting tir 28,6 °C dén 90 °C), két qua cho thiy:

- D6 nhot cua cac dung dich polyme wa-ky nuéc HAP déu giam (10-100 cP) khi nhiét d6 ting
(ttr 28,6 °C dén 90 °C).

- Kha nang duy tri d6 nhét cua cac polyme wa-ky nudc trong nude bién theo thir tu: HAP
2SP>HAP 3SP>HAP 6S. D§ nhét cia HPAM suy giam rat nhanh ¢ nhiét d6 cao, trong khi d6
cac polyme ua-ky nudc c¢d @6 nhot duy tri on dinh, do mtrc d6 suy giam d6 nhét thap khi thir ¢
nhiét do cao.
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Hinh 3. Anh huong cdq nhiét do lén do nhot cua HAP72SP, 6S va 3SP
0 cung nong do 3000ppm trong nudc bién.

4. KET LUAN

Tu két qua thi nghiém khao sat cac yéu td nhiét do, néng do va d6 man cua nude bién 1én do
on dinh vé d§ nhdt cia dung dich polyme trong nudce bién, cho thay:

- Nong d6 cta polyme trong nuéc thong thuong va nudce bién tdi wu sau khi khao sat khoang
3000 ppm;

- Khi nhiét d6 tang 1én (dén 90 °C), d6 nhét cia cac polyme déu giam, tuy nhién polyme wa-
ky nudc suy gidm cham hon. Pac tinh nay s€ thuan loi trong viéc img dung bom ép dung dich
polyme vi dung dich polyme dich chuyen trong via chira voi tdc do truot rat thap va khi ¢ nhiét
dd cao, cho do suy giam do nhét thip do d6 van giit duge hiéu qua day dau véi moi truong lam
viéc & nhiét do cao;

- Kha nang chiu man (do on dinh vé d6 nhot trong nuoc bién) cua polyme ua-ky nuéc HAP
16n hon polyacrylamide thong thuong ¢ cung di€u kién nhiét d6 thi nghiém nudc bién (vdi do
man 3,5% NacCl).

Loi cam on: Nhom thc gid cam on sw tdi tro vé kinh phi cia dé tai cdp Quoc gia, md so:
DT.CNKK.QG.033/21.
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ABSTRACT

Studying and surveying factors affecting the viscosity
of hydrophilic-hydrophobic polymer used in enhancing oil recovery

Hydrophilic-hydrophobic polymers have the potential to profoundly change the ability
to enhance oil recovery in injection technology and are chosen for application as a new
enhanced oil recovery method. The article mentions the results of research investigating
the influence of factors on the viscosity of hydrophilic-hydrophobic polymers based on
polyacrylamide (hydrophobically associating polyacrylamide-HAP) used in injection
technology to enhance recovery. Oil: HAP 6S, HAP 3SP and HAP 2SP. An increase in
polymer viscosity can improve the scavenging efficiency during enhanced oil recovery, the
bulk viscosity of polymers is based on molecular chain extension and physical obstruction
of solvated chains, viscosity solutions of synthetic polymers, studied as functions of
concentration, temperature, and salinity. The research, survey, and evaluation will select
the appropriate hydrophilic-hydrophobic polymer content to withstand salinity (NacCl
content is about 3 - 3.5%) for immediate application on offshore drilling rigs. Heat
resistant when working in high-temperature environments up to 110 °C. The results of this
research are the premise for the next evaluation in the process of proposing the
application of hydrophilic-hydrophobic polymers for the polymer injection process to
enhance oil recovery in our country's production wells, especially in the Miocene strata.

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