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ABSTRACT

This study develops and evaluates a W/O acid emulsion system for
treating CaCOs paraffin mixed scale in oil and gas production systems.
Scale samples were characterized by SEM, EDX, and XRD analyses,
revealing a complex structure containing inorganic and organic
components, with CaCOs content of 30.33%, organic/paraffin fraction
(LOI) of 54.19%, and an average crystal size of 5.60 nm. The scaling
tendency of produced water was assessed using Langelier Saturation
Index (LSI = 0.38) and Ryznar Stability Index (RSI = 6.2).

Two acid emulsion systems, HC30 and VC35, were successfully
prepared and evaluated. Both systems exhibited suitable emulsification
and phase separation behavior at 70°C. Among them, HC30 showed
superior scale removal performance, achieving 96.25% dissolution
efficiency after 4 h, compared with 88.88% for VC35. The corrosion rate
of the selected system was 1.0049-1.0507 mm/year, below the
acceptable limit of 2 mm/year. The HC30 system demonstrates high
potential for CaCOs paraffin scale treatment in Vietnamese oil and gas
production wells.

Gidi thiéu chung

gidm luu lugng, tang chi phi van hanh va anh hudng
dén tudi tho thiét bj. Dong thdi, cac hop chat hitu co

Lang dong v6 cd (scale) va lang dong hitu co la 2 dang
can phd bién gay suy gidm hiéu qua khai thac dau khi.
Trong dé, can vo cd chl yéu la canxi cacbonat (CaCOs),
hinh thanh do sy thay déi nhiét d6, ap sudt va thanh
phan hda hoc ctia nudc via trong qua trinh khai thac [1].
Tai Viét Nam, nhiéu mé dau khi ngoai khai trén thém
luc dia nhu Bach HE, Réng, Su T Pen, Thang Long va
Péng D6 cling dang gap phai hién tuong lang dong
CaCOs xen 1an paraffin trong hé théng khai thac, lam
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nhu paraffin, asphaltene va nhua cing ¢ xu huéng két
tda va bam dinh trén bé mat thiét bi khi diéu kién nhiét
déng thay déi. Trong thuc té khai thac, cac loai can nay
thuding ton tai déng thdi, tao thanh I6p 1dng dong hén
hgp, trong d6 CaCOs bi bao boc hodc xen ké bdi
paraffin va cac hgp chét hitu cg, lam gia tdng dé bén
cla I&p can va gay khé khan cho qué trinh xtr ly [2-3].
Déi véi can CaCOs don thuén, cac hé hda pham géce axit
nhu HCl, axit formic, axit axetic hodc cac chat tao phuc
€6 kha ndng hoa tan va loai bd hiéu qua.
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Tuy nhién, khi I&p scale bi bao phi bdi paraffin va céc
hop chét hitu ca, su tiép xUc gitta dung dich axit va bé
mat CaCOs bj han ché, lam gidam dang ké hiéu qua hoa
tan cla axit. Ngugc lai, cdc dung mdi hitu co co kha
nang hoa tan paraffin nhung khong co hiéu qua déi vdi
can vo ca. Vi vay, viéc xtr ly can lang hdn hap doi hoi
mot hé hoa phdm cd kha ndng doéng thai loai bo Idp
paraffin bao boc va hoa tan CaCOs [4].
Ca ché két tinh CaCOs bét dau khi dung dich trd nén
qua bao hoa déi vai ion Ca’* va CO3% do sy thay déi
nhiét do, &p suét hodc pH trong qua trinh khai thac. Khi
tich s6 ndng dd ion vugt qua tich s& tan cliia CaCOs,
phan Uing két tla xay ra theo phuong trinh [1]:

Ca?*+C0O3% - CaCOsl
Trong nudc via, sy gidm ap suét lam CO, hoa tan thoat
ra, dich chuyén can bang bicarbonate theo hudng tao
ion carbonate:

HCO;™ = H*+COs*"

Céc dang ton tai hoa tan phu thudc vao gié tri pH. Su
phan bé cla cac dang ton tai hoa tan nay phu thudc
chat ché vao gié tri pH. Cu thé, & méi trudng co pH <
6,4, dang tén tai chd yéu la acid carbonic (H,COs). Trong
khodng pH tir 6,4 dén 10,4, ion bicarbonate (HCOs") sé
chiém uu thé. Khi méi trusng dat muc kiém véi pH >
10,4, ion carbonate (COs%) trd thanh dang ton tai chinh.

Scale 4

\
Hinh 1: Ldng dong CaCOs 1an paraffin trong hé théng
khai thac dau khi

Cac tinh thé paraffin ti€p tuc phéat trién, két tu va bam
dinh 1én thanh 6ng khai thac, tao thanh 16p 1dng dong.
Qua trinh nay chiu dnh hudng clia nhiét do, ap suat,
thanh phan dau tho, t6c db dong chay va dé nham bé
mat thiét bi. Theo thdi gian, I8p paraffin day 1én, lam

giam tiét dién dong chay, tang tén thét 4p sudt va cé
thé bao boc cac I6p can 1dng v ca nhu CaCOs, gay khd
khan cho qua trinh x{r Iy bang hoa pham axit [5-6].
Trong qua trinh tao nhd luén c6 kha nang hinh thanh
ca nhii tugng dau trong axit va axit trong dau, tuy nhién
chi mét dang cé dé bén nhiét ddng cao hon sé ton tai,
phu thudc chi yéu vao ban chét clia chat nhi hoa. Do
do, viéc lua chon chét nhii hda phu hdp la yéu té quan
trong trong qué trinh ché tao hé nhl tuong.

Hé nhi tuong axit dugc xem la mét giai phap phu hgp
nh& kha nang két hgp pha axit véi pha hitu cg trong
cling mét hé phan tan [7-8]. Pha hitu ¢ gilp tham uét,
hoa tan va phan tan paraffin, trong khi pha axit khuéch
tan qua I6p hitu co dé phan Ung vdi CaCOs, tir dé nang
cao hiéu qua xf ly can lang hén hop, kéo dai thai gian
tac dung cua axit va giam téc dé &n mon thiét bi so vdi
dung dich axit théng thuong [9]. D6 bén nhi tuong phu
thudc vao loai va ndng do chét nhi hoa, ty 1é pha
dau/pha nudc, diéu kién tao nhd, nhiét do, néng doé axit
va dé nhdt cda pha dau [10].

Trén cd s& do, nghién ctru nay tép trung ché tao va danh
gi& hé nha tuong axit nham xt ly 13ng dong CaCOs 1an
paraffin trong hé théng khai thac dau khi. Cac dac tinh
clia hé nhd tuong, bao gébm dé 6n dinh, khd nang hoa
tan CaCQOs, hiéu qua loai bd paraffin va hiéu qua xur ly
can lang hdn hgp dugc danh gia nham lam ca s3 phat
trién hé héa phdm Ung dung trong xtf ly can cho céc
giéng khai thac dau khi.

Thyc nghiém va phucng phap nghién cdu

Héa chdt, dung cu

Céc hda chét sir dung trong nghién cliu déu cd ngudn
gbc tUr Trung Quéc, gdbm diesel va xylene dugc st dung
lam pha déu; HC, axit axetic (CH;COOH) va axit fomic
(HCOOH) dugc st dung lam pha axit dé€ hoa tan can
CaCOs; Nonylphenol Ethoxylate (NPE) thuong mai dugc
st dung lam chat nhi héa va én dinh hé nha tuong;
nudc ki thuat dugc st dung dé pha lodng pha axit dén
c4c ndng dé khao sat. Bén canh do, nghién cliu st dung
cac mau gém dau va can lang dé phan tich thanh phan,
dac tinh clia can cling nhu dénh gia hiéu qua xt ly cla
hé nhi tuong trong diéu kién gan vai thuc té khai théac
dau khi.

Quy trinh ché tao hé nhi

Nghién cltu ché tao 2 hé nhi tuong axit trong dau

(W/O) c6 cling pha dau gém diesel/xylene (8/2) va chét

nhi hoa NPE, khac nhau & thanh phén pha axit:

= Hé1(HC): Pha axit godm axit axetic 10% va axit fomic
25%, ty 16 W/O = 30/70.

= Hé 2 (VC): Pha axit gdm HCl 6%, ty 1é W/O = 35/65.
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Budc 1. Chuén bi pha dau: Tron diesel va xylene theo ty
& 8:2, b6 sung chét nhid hoa NPE, gia nhiét & 60°C va
khudy trong 2 giG dén khi thu dugc pha dau ddng nhét.
Budc 2. Chuén bi pha axit: Pha dung dich axit theo thanh
phan cla ting hé khao sat (HC hoac V).

Budc 3. Tao nhi tuong: BS sung tir ti pha axit vao pha
dau dudi diéu kién khudy va gia nhiét & 65°C.

Budic 4. Hoan thién hé nhi tuong: Tiép tuc khudy trong
2 gis dé thu dugc hé nha tuong axit trong dau 6n dinh,
phuc vu cac thi nghiém danh gia.

Bdnh gid @6 on dinh nha
Do 6n dinh clia hé nhii tuong dugc danh gia théng qua
khd nang chéng tach pha & 70°C. Quy trinh thuc hién
goém cac budc:
Budc 1. Cho 100 mL nhii tuong vao 6ng dong va dat
trong bé céch thay duy tri & 70°C.
Budc 2. Theo déi va ghi nhan hién tugng tach pha tai
cac thai diém 30 phdt, 1, 2, 3, 4, 5 va 24 gid.
Budc 3. Xac dinh thé tich pha tach ra va tinh phan tram
tach pha theo cong thic:

Tach pha (%) = (Thé tich pha tach ra / Thé tich nhi

tuong ban dau) x 100

Trong dé, thé tich pha tach ra la lugng dau hodc nudc
tach khoi hé nha tuong tai thoi diém khao sat, con thé
tich nh tucng ban déu la 100 mL.
Hé nhi tuong co ty lé tach pha thap nhét trong 60 phit
dugc xem la c6 d6 6n dinh phu hgp cho qué trinh xir ly
can. Két qua nay dugc két hgp vdi cac chi tiéu danh gia
khac @€ lua chon ty Ié dau/axit t6i uu cho ting hé nhi
tuong st dung axit hitu ¢ va axit v ca.

Cdc phuong phdp nghién ciu

Trong nghién cltu nay, mau can 1dng va mau dau thd
dugc thu thap tir hé théng khai thac dau khi dé phan tich
dac tinh va 1am cg s& xdy dung hé hda phdm xut ly. Mau
can dugc xac dinh thanh phan khoang vét, hinh théi va
céu triic bang cac phuong phéap SEM, EDX va XRD. Bong
thdi, thanh phan nudc via dugc st dung dé mé phong
kha nang hinh thanh can bang phan mém chuyén dung
va danh gia xu hudng két tla thdng qua chi s6 bao hoa
Langelier (LSI) va chi s6 6n dinh Ryznar (RSI).

Trén cd s3 két qua phan tich, hé nhi tuogng axit dugc
ché tao va déanh gia thdng qua cac chi tiéu gém déng
thai tach pha, d6 nhdét clia hé nhd, khad nang hoa tan
can CaCOs va kha nang gay an mon déi vai thép carbon
theo ASTM G31. Két qué clia cac phép thir dugc st dung
dé Iva chon thanh phan nhi tuong cé dé én dinh cao,
hiéu qua hoa tan can t&t va téc dd &n mon phu hap vdi
diéu kién khai thac dau khi.

https://doi.org/10.62239/jca.2026.045
50

Két qua va thao luan

Két qud phdn tich ddc trung va mé phdng khd ndng
hinh thanh cdn

Mau dugc lam kho, nghién va phu I6p dan dién trudce
khi phan tich SEM; phép do dugc thuc hién & dién ap
gia téc khoang 10-20 kV, vdi d6 phdng dai phu hop dé
quan sat hinh thai bé mat. Cau tric tinh thé va thanh
phan pha clia mau dugc xac dinh bang phuong phap
nhidu xa tia X (XRD), st dung buc xa Cu Ko vdi budc
song A = 1,54060, trong khodng 26 tU 5-80°, vai budc
quét 0,02° va téc dé quét khodng 1-2°/phut. Cac pha
tinh thé dugc nhan dang bang cach déi chiéu vi tri cac
dinh nhiéu xa véi co & dit liéu.

o 2000

? .

o

10004

MM«J:‘\MJ ‘J “JWM
osb"'z'o"’s'o""Zo“'sB"'e’o 7

2Theta (degree)

Hinh 2: Hinh thai bé mat va thanh phén nguyén t6 tai
cac vung khac nhau clia cing mét mau scale: (a), (b)
anh SEM; (o), (d) ph6 EDX tuang Ung; (e) gian do nhiéu
xa tia X (XRD)

Két qua phan tich SEM cho thdy mau can lang c6 céu
tric bé méat khong dong déu, xuét hién cac ving 16i 16m
va mang dau bam trén bé mat, phan anh su lang dong
xen k& gilta can v6 ca va cac hgp chét hitu cg trong qua
trinh khai thac.

Phéan tich EDX cho thdy ham lugng cacbon chiém uu thé
(73,35%), chiing t& mau can lang chia lugng déang ké
thanh phén hitu co, do doé viéc sit dung hé hda phdm
két hgp khad nang hoa tan can vé ¢ va loai bo paraffin
la can thiét.

Ké&t qua XRD xac dinh kich thudc tinh thé trung binh clia
mau can 1ang khoang 5,60 nm, thudc kich thudc nano.
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Kich thudc tinh thé dugc xac dinh theo phuong trinh
Scherrer, si dung buc xa Cu Ko vd&i budc séng A =
1,54060. Cac dinh nhiéu xa d3c trung tuong Ung vdi cac
pha calcite (PDF 00-046-1475) va aragonite (PDF 01-071-
2392) duac lya chon dya trén vi tri 26 va FWHM dé tinh
kich thudc tinh thé trung binh. Binh nhiéu xa c6 cudng
dé cao nhét tai 26~29,7° dugc xac dinh la dinh déc
trung cla pha calcite, lién quan dén méat phang mang
tinh thé (104), cho thay su dinh huéng uu tién cla cac
tinh thé theo mat phang nay. Kich thudc tinh thé nho
lam tang dién tich bé mat tiép xuc, tao diéu kién thuan
lgi cho qué trinh hoa tan can bang hé héa pham dugc
nghién clu.

Bang 1: K&t qua thi nghiém phan tich mau c3n trong
dudng 6ng khai thac

hoa tan can CaCOs. C4 2 chi s6 déu dugc xac dinh dua
trén pH thuc té cla nudc pH=6,62 va pH bdo hoa
CaCOs (pHs) trong doé LSI = pH - pHs, con RSI = 2pHs -
pH. Két qua LSI = 0,38 > 0 cho thdy nudc cd xu hudng
qué bdo hoa va tao can CaCO:s. Gia tri RSI = 6,20 cho
thdy nudc cod xu huéng tao can nhe va tuong déi én
dinh déi véi CaCOs.

3,00

y = -2,6645x04171
2 = 0,9994

(@)

o, o - o x PPTN
KET QUA THU NGHIEM PHAN TiCH MAU SCALE
TCVN
STT Tén chi tiéu Donvi Két qua
1 MKN % 54,19 TCVN 7131:2016
2 Si0z % 6,14 TCVN 7131:2016
3 Fe,03 % 0,48 TCVN 7131:2016
4 Al,03 % 0,21 TCVN 7131:2016
5 CaCO3 % 30,33 TCVN 7131:2016
6 MgO % 552 TCVN 7131:2016
7 SO3 % 0,91 TCVN 7131:2016
8 K0 % 0,01 TCVN 7131:2016
9 Na;O % 0,50 TCVN 7131:2016
10 TiO; % 0,06 TCVN 7131:2016
n CKT % 2,12 TCVN 141:2008
12 Cry03 % 0,06 TCVN 6228:2008
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-
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Két qua phan tich cho thdy mau cin 1ang chita ham
luong hitu cd cao v&i MKN dat 54,19% va thanh phan
v €3 chl yéu la CaCOs (30,33%). Mau cén ¢é cau tric
hén hop CaCOs va paraffin, can hé hoa pham co kha
nang dong thai hoa tan can vé ca va loai bo thanh phéan
hitu co.

Lap ducng chudn trén co s& Langelier & Ryznar Indices

Co s3 xay dung duong chuén Langelier va Ryznar dua
trén trang thai can bang hoa tan két tla cla CaCO;
trong nudc. Gia tri pH bdo hoa CaCOs (pHs) dugc xac
dinh tir cac thong s6 hda ly ctia nudc, gdbm pH, nhiét do,
téng chét rén hoa tan (TDS), d6 cling Ca®* va dé kiém.
Chi s6 Langelier dugc tinh theo LSI = pH - pH; trong khi
chi s6 Ryznar dugc xac dinh theo RSI = 2 pHs — pH. Trén
G s& cac gia tri pHs, LSI va RSI, dudng chuédn dugc sur
dung dé phan viing va danh gia xu hudng tao can hoac
hoa tan CaCOs clia mau nudc.

pH = 6,62, Langelier Index = 0,38, Ryznar Index = 6,2

Chi s6 bdo hoa Langelier (LSI) va chi s& &n dinh Ryznar
(RSI) dugc sir dung dé déanh gia trang thai bao hoa cua
nudc déi véi CaCOs va du doan xu hudng tao can hodc

0,20

0,10

(b)

0,00
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Hinh 3: D6 thi danh gié xu hudng tao can CaCOs clia
mau nudc bang chi s6 Langelier va Ryznar: (a) chi s6
b&o hoa Langelier (LS); (b) chi s& 6n dinh Ryznar (RSI);

(c) pH b&o hoa CaCOs (pHs)
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Bang 2: Két qué danh gia dac tinh cla hé nh

Do nhét clia cac hé nhi
tuong axit trong dau HC 30 VC 35
(W/0)
D6 nhét tai 27°C (cP) 15.0 6.4
D6 nhdt tai 90°C (cP) 10.0 41

Chu thich: HC 30: hé W/O vdéi pha axit gdm 10%
CHsCOOH va 25% HCOOH, W/O = 30/70; VC 35: hé
W/O vdi pha axit gdm 6% HCl, W/O = 35/65. B6 nhét
dugc xac dinh tai 27 °C (nhiét d6 moi trudng) va 90 °C
(nhiét dé trung binh trong giéng).
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X
«© 40
=
[
= 30
O
“©
= 20

10

—=— M4&u HC30 (30/70)
0 T T T T
0 5 10 15 20 24
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g
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%
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o
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—e— Mau VC35 (35/65)
0 T T T
0 5 10 15 20 24
Thei gian (h)

(b) Hé nhii twong axit vd co/dau

Hinh 4: Khao sat kha ndng tach nhi ctia hé nhi tuong
axit & 70 °C va ap suét thuong

Ddi véi hé HC30, sau khi 6n nhiét & 70°C trong 24 gid,
hé thé hién kha nang tach pha ré rang véi ranh gidi
phan I6p 6n dinh. Bac diém nay cho thdy HC30 cé su
can bang phu hgp gitta kha nang tao nhd trong giai
doan xtr ly va kha nang phan tach sau phan Uing. Trong
qua trinh xr ly can 1&dng, hé c6 kha nang duy tri su tiép
xUc gilia pha axit va I&p can trong thdi gian can thiét,
gilip hoa tan hiéu qué cac thanh phan can vo cg, hiu
Ca va paraffin, dong thdi thuan Igi cho qué trinh thu hoi
pha sau xU ly.
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DEi vai hé V35, mac du van duy tri dudc kha nang tao
nhU & nhiét dé 70°C, nhung muic doé tach pha sau 24
gi&s 6 su khac biét so vai HC30. Su 6n dinh nhii cao hon
clia VC35 ¢ thé lam kéo dai thai gian phéan tach gita
pha axit va pha dau, do do anh hudng dén kha nang
ki€m soat qué trinh sau xur ly.

Két quéa danh gia sau 4 gig cho thdy hé HC30 dat hiéu
sudt hoa tan can 1ang 96,25%, cao hon VC35 (88,88%),
cho thdy HC30 c6 kha néng x( ly hiéu qua hon déi vai
can lang chia déng thai thanh phéan hitu co va vé co.
Su khéc biét cé thé dugc giai thich bdi ca ché tac dong
clia 2 hé. Sau khi pha nhi, pha axit cila HC30 gém axit
axetic 10% va axit fomic 25% phan ly tao H*, tham gia
phan Ung vdi cac khoang carbonate; déng thdi pha hitu
co hd trg thdm udt, pha v& I6p mang dau va hoa tan
cac thanh phan hydrocarbon/parafin. Trong khi do, HCI
6% trong VC35 la axit manh, phan ly gan nhu hoan toan
va cung cdp H* nhanh @€ hoa tan carbonate, nhung kha
nang xu ly thanh phan hydrocarbon han ché hon do
khéng cé pha hitu co hd trg. Vi can cd ham lugng
CaCOs 30,33% va MKN 54,19%, su phdi hgp gilta pha
axit va pha htu co dugc cho la nguyén nhan giup HC30
dat hiéu qua hoa tan téng thé cao hon.
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80 -
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= \ —=— MAu VC35 (35/65)
2
= 60+ 100
c
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Hinh 5: Két qua do hoa tan va danh gia an mon theo
ASTM G31 clia 2 hé nhi
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K&t qua cho thdy téc dd an mon cta dung dich xur ly
chinh 1&n lugt dat 1,0049 mm/nam va 1,0507 mm/nam
déi vai cac mau thir. Cac gia tri nay déu thap hon gidi
han 2 mm/nam, cho thdy muc db &n mon clia hé hda
pham ndm trong pham vi chdp nhan dugc, khong géy
anh hudng nghiém trong dén dé bén va kha nang van
hanh clia dudng éng, thiét bi khai thac [10].

Két luan

D4 ché tao thanh cong 2 hé nhi tuong axit trong dau
HC30 va VC35 nham Ung dung trong xU ly cac 1ép can
lang phdc hgp trong hé théng khai thac dau khi. Két qua
phan tich dac trung mau can ldng cho thay can bam co
cu tric phic tap vdi su két hap gitia thanh phéan vo co
va hltu cg, trong do ham lugng CaCOs dat 30,33%,
thanh phéan hitu ca/paraffin chiém ty 1& 16n véi gia tri
mat khi nung (LOI) dat 54,19%. Bé mat can lang xuét
hién nhiéu I6p mang dau bao phd, gay anh hudng dén
kha nang tiép xtc va hoa tan can bang dung dich axit
truyén théng.

Hai hé nhi HC30 va V(35 déu c6 kha nang tao nhi va
tach pha phu hop & nhiét do 70°C, tuy nhién HC30 thé
hién su can bang t6t hon gitta do6 6n dinh nhii va kha
nang xu ly can. Két qua thi nghiém sau 4 gis cho thédy
hé HC30 dat hiéu sudt hoa tan can 1dng 96,25%, cao
hon so vdi VC35 (88,88%), ddng thai téc dd an mon chi
dat 1,0049-1,0507 mm/nam trong diéu kién khong su
dung chét Uc ché an mon. Véi kha nang pha vé 16p dau
hitu cg, hd trg hoa tan thanh phan vé ¢ va dam bao
an toan vat liéu, hé HC30 dugc lua chon 1a hé nhi axit
pht hop véi thanh phan can 1&dng, co tiém ndng Ung
dung trong xU ly can lang tai cac giéng khai thac dau khi
3 Viét Nam.
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