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TOM TAT

Hé hod phidm trén co s& polyme wa-ky nuéc (HAP-Hydroforbically Associating polyacrylamid) vira tan
trong nude, lai vira tan mét phin trong diu. Hé hoa pham nay c6 kha nang han ché sy hip phu cia hoa
phim 1én trén nén bé mit da chira va giai phéng lrong déu 16n trén bé mat da chira, gitip nang cao hé sé
quét, tao profil diy déu. tir d6 ning cao hé sé thu hdi diu, do ching c6 kha ning lam giam tinh bién
trong dung dich nuée bién. Su ting cuong thu hdi diu cua HAP 14 do hiéu Gmg cia sy chay rdi trong chit
long tai cac giéng bom ép, tao ra hiéu (mg dan hdi vat Iy, gay boi cac phan tir va tao ra sur lién két cia céc
hydrocacbon ua diu trong qua trinh chay trong méi trwong via chira. HE hoa phim huéng (mg dung cho
bom ép Iang Miocene ha cua Viét Nam, do ¢ tang Miocene ha c¢é nhiét d6 nho hon 130°C, d nhdt cua
diu tai ting nay nhd hon 5¢P. Cé 2 phuong phép ché tao polyme ua-ky nude: Phuong phép 1:
polyacrylamit thuy phan mot phén (Hydrolyzed Polyacrylamide - HPAM), dugc gan nhom ky nude theo
co ché alkyl hoa co sir dung xic téc va Phuong phap 2: thye hién phan (mg trao dbi mudi cna HPAM da
dugc hoat hoa v6i luong thiéu: muéi amino béc 4. Trong bai béo nay, nhom tic gia trinh bdy Phuong
phap 2. Két qua cho thiy: hé sb diy dau tuyét déi cua polyme so véi nude bom ép, gia tang tir 6,2% (voi
miu Vp=0,5 PV) dén 8 8% (véi miu Vp =1 PV).

Tir khda: polyme wa-ky nudc: ting cuong thu héi diu; HPAM: HAP

1. Dit vén dé

Thuyec té va Iy thuyét cho thiy, ngay trong khu vire anh hudng cia nude bom ép, mét legng dau 1ém vin
nim trong cac kénh mao din cia da chira (cac kénh din c6 kich thude rit nho). Thir nhét, bing phuong
phép bom ép nudc thong thuong khéng thé khai thic dugc diu nim trong céc kénh mao din do lyc nhét
khong thé thing duoc lwe mao din. Giai phép chinh dé khai thac duge mdt phin diu trong cac kénh mao
din 1a sit dung bom ép bing polymer (Nguyen Hiu Trung va nnk, 1996: Pham Trudng Giang, Tran Binh
Kién... 2018). Thir hai, do dic tinh vén co, cac hoa phim phai c6 xu hudng tip trung tai mit tlep xtic hai
pha dﬁu-nuoc va bé mat da chira. Sy ¢6 mat cua ching tai diy lam giam sic cang bé mit dau-nréc
(din dén lam giam ap suit mao din) (Glass JE. 1999; Glass JE. 1996), thay dbi tinh dinh w6t cua da chira,
gitip cac giot ddu trd nén linh dong hon, d& bién dang hodc phan chia nho hon, thoat ra khoi cac kénh
mao din va di vao kénh din c6 kich thudc 1on hon, tir dé ting hidu suit diy diu cua nude bom ép
(Schulz DN, 1991). Dé giai quyét hai vin dé nay. mot trong nhitng phuong phap duoc Iwa chon 14 tao ra
hé hoa phém vira c¢o kha ning ting do nhét pha nudc, vira lam giam sirc cing bé mat cua diu véi da
chira (Glass JE.1989; Glass JE.1986). Theo huong nay, hé hoa phz?im wa-ky nudce Kkét hop voi mot )
phy gia twong hop. hy vong s& la giai phip t6t cho vide bom ép polyme nhdm nang cao thu hdi diu
tAng Miocene ciia Viét Nam.

2. Thue nghiém
2.1. Dung cu, héa chiit

- Thiét bi, dung cu: cbe thuy tinh 2 lit, 3 lit; binh dinh lugng; bép dién 1.5 kw: thiét bi trao dbi ion dang
ludi; tu siy chan khéng: nhiét ké 0-500°C

- Hoé chit:

+ Polyme: HPAM, hing SHANTOU XILONG ctia Trung Québc ¢6 trong lugng phan tir khoang 7.105
—10.106 dvc;

* Tdc gia lién hé
Email: nguyenvancanhvhh@gmail com
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+ Chét bién tinh N-lauryl-N N-duuetyl-N-benzyl—amom clorit (mudi amino bic 4 LDBAC), hing
Merck cua Bire, chit rin mau trang hodc vang nhat, trong luo‘ng phan tir 340 g/mol, nhiét d¢ nong chay
80-92°C, nhiét d6 séi 129°C, Khdi hrgng riéng, 0.84 g/em® hoa tan hoan toan trong mrde hodc etanol,
pH=09; o

+ Sdda, NaOH, nude mudi tong hop...

2.2. Thuwe nghigm
Bién tinh HPAM qua 4 giai doan:

Giai doan 1: Hoat hoa HPAM ’bfmg ion Na+ trong mdi trudng nude
Cho HPAM vio nude cat, ty 1é nude/ HPAM la 1/3 theo khoi lugng.
(hedi trao déi cation natri)
HPAM » Na®) HPAMY
(Na>COs hodac NaOH)

Phuong phap: cho HPAM di thidm u6t nwée qua 16p ludi trao ddi cation natri, hodc ban diu HPAM
dugce hoa vai mét it nudce (1/3 theo khéi Iwgng), sau do tron luong vira du Na:COs hoac NaOH béng dung
cu ép lién tuc nhim tao ra dang Na(+)HPAM(-), c6 dung lugng trao déi cation tdi thiéu 75 mldl/100g
HPAM. Sy san phim d hoat hoa.

Giai doan 2: Chuén bi dung dich bién tinh

Cho 1/3 lwgng nude it 2 1in theo tinh toan ban dau vao binh chita, ning nhiét do téi 45°CE2°C,
cho tir tir toan b chit bién tinh LDBAC, sau khi da hét lwong chit bién tinh, b sung lrong nude con lai
va duy tri khudy vdi tbe do khoang 120 vong/phut dén khi chit bién tinh tan hoan toan trong nudc (30
pht), ty 18 khéi lrong nurde va chét bién tinh 45/1.

Giai doan 3: Bién tinh mot phﬁn HPAM

Cho véo binh phan tmg HPAM da hoat hoa dugc chudn bi ¢ giai doan 1, b sung tir tir chit bién

tinh d chuén bi & giai doan 2. Phan @mg bién tinh mdt phén theo co ché:

NH: O—Na'

| |
C=0C==0 CH»

|—CH; — CH — CH— CH: — CJII — (I:u — CH: —a + [(CnllsCllr—:\l"—(Cl:llﬂllcl
(.l--o 1".‘--0 NH: O—Na* ICII:

‘\IIH, 1)—,\'-- t|:=ollz:=0
—— —CH.— CH—CH—CH:; — t'lzn — CH—CHa—Ja

C==0 1'_' = CH»
-.'L"lix (I) —_— |(C.HsC]I;—!iN"—(C‘|xH:s)|
&n
Qué trinh bién tinh duy tri tbc d§ khudy chim khoang 60 vong/phit. Sau do nang nhiét dé 1én dén
khodang 55°C + 2 °C, ty 1¢ khdi luong HPAM va chét bién tinh hitu co 13 20/1 (dam bao chi bién tinh mét
phin HPAM), & didu kién phan tmg nay s& xdy ra qué trinh trao déi ion va tao ra HPAM bién tinh mot
phén (HAP-2S). Phan img trao d6i ion hitu co xay ra nhanh, do d giai doan nay cin duy tri téc dé khudy
cao hon so véi céc giai doan diu cua qua trinh bién tinh HPAM (120 vong/phit), dé hiéu sudt qua trinh
bién tinh dat cao, thudng duy tri thoi gian bién tinh tir 3 dén 4 gio.
Giai doan 4: Lam kho HAP-2S
C6 nhiéu phuong phap lam khd HAP-2S khéc nhau, hiéu qua nhéit dé dam bao chit lwong cia
san phim nén cé cic dung cu va thiét bj siy chuyén dung, muc dich nhim lam bay hoi céc dung moi,
nudce trong hon hcrp sau nhiéu thi nghiém khéac nhau, nhom tac gia da s dung phuong phép say HAP-
2S trong tu sy co thé tich 50 lit, khoang nhiét dd siy 150°C, toc dé gia nhiét 5°C/phit, thei gian siy
5 gid, ngudn dién 220 V, 50 Hz, 1500 W, HAP-2S dugc dura ra khay c6 bé mit thodng 16n, nhim ting
cudng qua trinh lam khé san phim.

2.3. Phwrong phap nghién ciru

- Do d6 nhét biu kién trén thiét b do Brookfield DVII Pro;
- Dénh gid kha nang chiu nhiét bing viéc xac dinh dinh tinh cdc nhém con lai truée va sau khi nung
trén co so phé héng ngoai FT-IR va phan tich nhiét TG/DTA:
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- Danh gia su gia lang hé sb day déu tuyét dbi boi nude va polyme trén moé hinh mau loi tai Vién
Nghién ciru Khoa hoc va Thiét ké dau khi bién (NIPI) thuge LD Vietsovpetro véi miu d4 ting Miocen ha,
BH-8 mo Bach Hé.

3. Két qua va thio luin
3.1. Anh hiréng ciia him lieong nhém ky, niwde dén dp nhot

pé lua chon dugce ham lwgng nhom ky nude 6 uu, cin khao st do nhét cua hé hoa phéjn phai tuong
(g v6i dd nhét cia diu tai via cin bom ép, hinh 1 cho théy anh huong cia ty 1& mol% cia nhom ky nude
ném trén chudi polyacrylamide v&i d nhét cia dung dich HAP 1a mét ham sé cua nbng do polyme. Khi
nbng dd tGi han dat khoang 2000-5000ppm (pha trong méi trwémg nirée bién c¢6 ham hrgng NaCL 3.5%)
cho d3 nhét tdi wu, twong dwong khodng dg nhét cua diu ting Miocene ha thujc moé Bach Ho (do nhot
khoang 2-5 cP), twong {mg véi mau HAP-2, HAP-3 va HAP-4 ¢6 ty 1& nhom ky nuwéce/ PAM téi uu theo
mol% trong khoang tir 0,1 dén 0,6). Nhwr vdy, ham lwong nhom ky nuéce ¢ anh huong dén d6 nhét cia
dung dich HAP-2S, m‘mg d6 nhoém ky nude ting, lam tang lién két gitra cac phan tir, va dé nhot bidu kién
ting, kém theo dé kha niing tan trong nude lai kém. Chinh vi viy, dé c6 duoc hé polyme vira tan trong
nudc, lai vira tan trong dﬁu, da lya chon ty 1é thanh phﬁn tdi wu ctia HAP-2S: nhém ky nudc/PAM khoang
0,1-0,6 mol%.

The content of ®
Sample | hvdrophobic groups/ s =-HAP-#:=-HAP:S “AI.’-tZ
Acrylamide [mol%6a] &7
PAM — it s
HAP-1 0,05 ?g-“ > e
HAP-2 0,1 & 2 —
HAP-3 0.9 1
HAP-4 0,6 o
HAP-5 0.8 (1] 1000 2000 3000 4000 S000 6000
HAP-6 1.2 Concentration, ppm

Hinh 1. Lyra chon thanh phan nhém ky meée
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100 oo

Ty i L] 150 (L] . 3
i Ve =
3 "o, :
i A
" ! - 15 h, Ay |
q Ll Wi - :‘| ¥
H H L
% ¥ M £
=1 z PR
RS .
i e i
;!
e - 1 - 1 e - . - m - e s -
o mimbar e Warvewenmher ow i
a. Triege khi nung b. Sau khi nung

Hinh 2. Phé FT-IR ctia HAP-2S trude va sau khi nung o nhiét dp 110°C

Phd FT-IR cia HAP-2S véi ndng dd 3500 ppm (trong mdi trudng nude bién véi ham lwgng NaCL
3,5%) truGe va sau khi nung trong Autoclave & 110 °C trong thi gian 90 ngay: cac pic thay dbi khong
dang ké bao gf‘)rn dao dong cua lién két dic trung cua nhom amide N-H (1655 cm™); dao ddng cua lién
két ddc trung cua nhém cacbonyl C=0 (3465 cm™); dao dong cua lién két C-H (2930 cml). Nhur vay,
HAP-2S ¢6 kha ning chiu nhiét kha t6t. Dé xem x4t kha ning chiu nhiét cia HAP-2S, khao sat bing phép
do TG/TGA, ciing cho két qua tuwong tu.
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Hinh 3. Két qud do TG ciia HAP-2S

Trén gian d6 TG ciia HAP-2S cho thiy ¢6 su giam khdi lugng ¢ khoang nhiét d6 100 °C, thé hién mot
phin nho lirong nwrde bi bay hoi. Khi nhiét do tiép tuc tang, su giam khdi hrong vAn xay ra nhung chim,
trong khoang nhiét do tir 100°C dén 127,99°C khdi lwong HAP-2S gism mét luong nho khoang 5% khéi
luong, chirng to HAP-2S c6 kha nédng chiu nhiét 1én tdi 127,99°C. Trong khoang nhiét dg tir 127,99°C dén
373,95°C, khbi lwong giam khoang 40%, su giam khéi lugng ¢ nhiét do nay, 1a do cac nhom chire hiru co
trén bé HAP-2S bit diu phan huy. Giai doan nhiét d¢ tang 1én hon 373,95°C khdi lugng giam nhanh,
chimg to cac hop chét hitu co phin huy nhanh va két thic ¢ nhiét d6 khoang 777.96°C.

3.4. Pénh gid khdi ning iing dung ciia HAP-2S v cdc phu gia trong hop trong ting ciong thu hoi
diu
3.4.1. Bom ép mit polyme véi thé tich 1 PV

- Théng tin chung vé mau: Ky hiéu miu: BH-3. 2-1-4//1; P4 chira: Miocene dudi, mé Bach Ho thude
LD Vietsovpetro; D¢ sau, m: 2827.70.

- Ciac thong sb cua méu: Chiéu dai, cm: 6,34; Pudng kinh, cm: 3,75; Do rdng, %: 20,48; Do thim khi,
md: 234; D§ bao hoa nuée dw, %: 21,54; Thé tich khong gian rdng, cm3: 14,10; Thé tlch diu ban diu,
cm3: 11,06.

- Pong thai diy diu béi nude va polyme (CF#1)

1.8 . . ; R . " n0
CFH

oo 2z
= 3.
-g o Polymerilooding '
E oo |e - . £
= Waterflooding Waterflooding r
£ os .
2
- [ S A . B
- ;

o — 2 7’%

o3 + oe B
= =
& o= 1
=
= ol 3

o0 :

o s & 1z 16 20 24 28 32
PV Injected, fraction
——— il recovery, frnction  —e— Oil saturation, fraction  —e— Differential pressure, atm

Hinh 4. Béng thdi déy dau boi mede va polvme CF#1 (Vp = 1 PV)

Két qua thi nghiém: g thdm diu ban diu Kd, md: 14,00; D thim nudce sau bom ép nude Knl, md:
3.39: bo thim nuwée sau bom ép polyme Kn2, md: 3.2; H¢ 56 phuc héi do thdm nude sau bom ¢p polyme
(AKn), p.d.v: 0,94; Hé sé day diu boi bom ép nude (nh), p.d.v: 0,3775; Hé 56 diy diu bai bom ép polyme
(MY, p.d.v: 0,4650; Gia ting hé s diy diu tuyét dbi (Antd), p.d.v: 0,088; Do bio hoa diu tan dur sau bom
ép nrde Sdd1, %: 49,10; Pd bao hoa dau dur sau bom ép polyme Sdd2, %: 42.29.

3.4.2. Bom ép niit polyme véi thé tich 0,75 PV

- Thong tin chung vé mau: K¥ hiéu mau: BH-8. 3-3-22; P4 chira: Miocen duéi, mé Bach H6 thude LD
Vietsovpetro; D9 sau, m: 3067,10.

- Céc théng s6 cta miu: Chiéu dai, cm: 4,92; Pudng kinh, cm: 4.95: D6 rong, %: 18,70; Do thim khi,
md: 684,85; D¢ bio hoa nude dur, %: 24,04; Thé tich khong gian rong, cm3: 17.44; Thé tich diu ban déu,
cm3: 13,25.

- Dong thai diy diu béi nurée va polyme (CF#2)
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Hinh 5. Béng thai ddy dau boi nuéc va polyme CF£2 (Vp = 0,75 PV)

Két qua thi nghiém: D¢ thim dau ban dau Kd, md: 56,05: D9 thim nuwde sau bom ép nuée Knl, md:
7,06; b6 tham nude sau bom ép polyme Kn2, md: 6,36; Hé so phuc hoi dé tham nude sau bom ép
polyme (AKn), p.d.v: 0,91; Hé s6 diy diu bai bom ép nude (nl), p.d.v: 0,4164; Hé sb diy diu boi bom ép
polyme (n?), p.d.v: 0,4994; Gia ting hé sé diy diu tuyét ddi (Antd), p.d.v: 0,083; B bao hoa diu dur sau
bom ép nude Sdd1, %: 45,17; Do bao hoa diu du sau bom ép polyme Sdd2, %: 39,04.

3.4.3. Bom ép niit polyme véi thé tich 0,5 PV)

- Théng tin chung vé mau: Ky hiéu miu: BH-8. 3-1-15//2; P4 chita: Miocen dwéi, mé Bach Hb thuée
LD Vietsovpetro; D0 sau, m: 3065,2.

- Cac théng s6 cia miu; Chiéu dai, cm: 4,78; Dudng kinh, cm: 5,0; Dé rong, %: 19,23; Do thdm khi,
md: 835,74; D6 bio hoa nude du, %: 24,17; Thé tich khéng gian réng, cm3: 17,74; Thé tich diu ban diu,

cm3; 13.45. o
- Bong thai diy dau boi nude va polyme (CF#3)

10 3.0
CEF#H3

0.9 < r 27
- Polymerflooding
£ os > 2.4
= Waterflooding Waterflooding =
= o7 21 =
= e
S o6 | 18 5
= Z
£ o5 Ls &
= =
E 0.4 = 12 B
E £

0.3 0.9 &
=y =
- 02 0.6
(=]

0.1 0.3

0.0 v . l + 0.0

o 2 4 & 8 10 12 14 16
PV Injected, fraction
—m— Oil recovery, frnction —e— il saturation, fraction —e— Ditferential pressure, atm

Hinh 6. Péng thai ddy dau boi nudc va polyme CF#3 (Vp = 0,5 PV)

Két qua thi nghiém: B¢ thdm diu ban diu Kd, md: 37,6; D6 thim nudc sau bom ép nude Knl, md:
9.1; Bo thdm nude sau bom ép polyme Kn2, md: 7,7; Hé sb phuc héi do thAm nude sau bom ép polyme
(AKn), p.d.v: 0,84; Hé sé diy diu bai bom ép nudce ('), p.d.v: 0,5166; Hé sb diy diu boi bom ép polyme
(M), p.d.v: 0,5785; Gia ting hé s6 diy diu tuyét dbi (Antd), p.d.v: 0,062; D6 bao hoa diu dur sau bom ép
nudc Sdd1, %: 36.69; B bao hoa ddu du sau bom ép polyme Sdd2, %: 32,0.

4. Két luin

- Pi ché tao duge polyme wa-ky nuée bing phwong phép trao dbi mudi cia HPAM da duge hoat hoa
voi lwgng thidu: mudi amino bic 4: N-lauryl-N,N-dimetyl-N-benzyl-amoni clorit, duoc khao sit trén co
so cac ket qua do FT-IR, TG;
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- Bi lya chon ty 1¢ thanh phén tdi uu ciia nhom ky nuoc/PAM trong khoang 0,1-0,6 mol% dé tao ra hé
polyme HAP-2S véi nong do tir 2000-5000ppm vira tan trong nude, vira tan mot phan trong dau, c¢6 do
nhat phu hop véi déu tﬁng Miocene ha ciia mé Bach Hb (2-5 cP);

- bi khao sat kha ning chiu nhiét cua HAP-2S, thfiy réng hé polyme nay cé kha ning chiu dugc nhiét
dd tir 110°C dén 127,99°C;

- Pi thir nghiém trén mau 16i BH-8 tai via ctia mé Bach Hb thude LD Vietsovpetro, két qua cho thfly:
hé sé déy déu tuyét déi cua polyme so véi nude bom ép, gia tang tir 6.2% (voi miu Vp = 0,5 PV) dén 8.8%
(v6i miu Vp =1 PV).
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ABSTRACT

Research on the fabrication of hydrophilic-hydrophobic polymer
systems for application in enhancing oil recovery of the lower
Miocene layer of Vietnam

Nguyen Van Canh'”, Cong Ngoc Thang> Nguyen Tran Hung'
'Institute of Chemistry and Materials, Institute of Military Science and Technology
’Hanoi University of Mining and Geology

The chemical system based on hydrophilic-hydrophobic polymer (HAP-Hydroforbically Associating
polyacrylamide) is both soluble in water and partially soluble in oil. This chemical system has the ability
to limit the adsorption of chemicals on the surface of the reservoir rock and release a large amount of oil
on the surface of the reservoir rock, helping to increase the sweep coefficient, create an oil-push profile,
thereby increasing the oil recovery coefficient, because they have the ability to reduce the rheology in the
seawater solution. The enhanced oil recovery of HAP is due to the effect of turbulence in the fluid at the
injection wells, creating a physical elastic effect, caused by molecules and creating the association of oil-
loving hydrocarbons during the flow in the reservoir environment. The chemical system is applied to the
injection of the lower Miocene layer of Vietnam, because the temperature in the lower Miocene layer is
less than 130°C, the viscosity of oil in this layer is less than ScP. There are 2 methods for preparing
Hydroforbically Associating Polyacrylamide: Method 1: partially hydrolyzed polyacrylamide
(Hydrolyzed Polyacrylamide - HPAM), which is attached with a hydrophobic group by the alkylation
mechanism using a catalyst and Method 2: performing a salt exchange reaction of activated HPAM with a
deficient amount of quaternary amino salt. In this paper, the authors present Method 2. The results show
that the absolute oil displacement coefficient of the polymer compared to the injected water increased
from 6.2% (with sample Vp = 0.5 PV) to 8.8% (with sample Vp =1 PV).

Keywords: hydrophilic-hydrophobic polymer; enhanced oil recovery; HPAM; HAP
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