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Sinh ra theo qua trinh hinh thanh diu mé, bén trong diéu kién dia chit diu khi, c6 kha ning phéan b
hai pha diu/nuérc, cac hop chit alkylphenol c6 thé dwoc sir dung nhw chit chi thi (chit danh diu) tw
nhién nhim khai thac cac thong tin vé d§ bio hoa diu va cac ngudn dong gop cho giéng khai thac. Bai
béo trinh bay mé hinh giai tich mgt chidu cho qua trinh vin chuyén cac hop chit alkylphenol khi bi rira
tréi boi pha nwéc trong tiép xiic 2 pha diu/nuée. Nghiém giai tich thu dwgc tir viée gidi phwong trinh
van chuyén khuéch tin biéu dién nong d ciia cic hop chit alkylphenol gizm theo thoi gian khi khuéch
tan tir pha diu vao pha nuéc. Céc thi nghiém bom nwéc diy diu qua cot nhdi cho thiy sw phi hop giira
nghiém giai tich va s6 liéu thwe nghiém. Mé hinh gii tich ciing cho thiy mitc d9 suy giam ndng d9 cac
alkylphenol phu thudc ré rét vao hé sé phian bo, d9 bio hoa diu, toc d9 di chuyén ciia pha nwée va hau
nhu khong phu thudc vao hé sé6 khuéch tan. Qua trinh 1am khép nghiém gidi tich ciing gitp chi ra nhwoc
diém ciia phwong phap tiép xiic tinh khi do hé s6 phan b6 lién quan dén sy thiét 13p cin bing ndng d ciia
cac alkylphenol. Nghiém giai tich thu dwgc tir phwong trinh vin chuyén - khuéch tan mé ta qua trinh rira
tréi ciia cac alkylphenol tir pha dau sang pha nwérc sé 12 co' s& quan trong cho cic nghién ctru tiép theo vé
phwong phap sir dung alkylphenol nhw 13 chit danh diu tw nhién dé danh gia diu du bo hoa trong qua
trinh khai thic diu mé.

Tir khéa: alkylphenol, chit chi thi tw nhién, chit dinh déu, d¢ bio hoa dau, hé sé phéin bé.
Chi sé phin loai 1.4

Gioi thiéu 4] da sir dung cac mbi quan hé phu thudc nay dé xac
dinh d6 bio hoa dau va thé tich quét ctia nude bom ép.
Bai bao xay dung quan h¢ giai tich mo ta qua trinh van
chuyén khuéch tan cta cac chat alkylphenol tir pha dau
vao pha nuéc nham biéu dién mdi lién hé gitra su suy
giam ndng do v6i do bio hoa dau va hé sb phan bo.

Céc hop chét alkylphenol c6 cong thirc hoa hoc co
ban R-C H,OH, la san phiam ddng hanh vé6i qua trinh
hinh thanh dau mé. Sy hién dién ctua cac hop chat
alkylphenol trong dau thé dd dwoc nghién ctru phuc
vu cho cong nghiép ché bién dau khi va dénh gia tac
dong moéi truong. Cac alkylphenol bén trong diéu kién & hinh giai tich
dia chat dau khi. Mot s0 hop chat alkylphenol phd bién
trong dau mo nhu phenol, cresol... ¢ ndong do tong
cong trong dau thdé va nudc thanh tao khoang hang
chuc mg/1 [1]. Nho kha ning phan bé trong hai pha
dau/nudce do tinh phén cuc cao va do linh hoat cta lién
két hydrogen, cac hop chat alkylphenol bj rira troi tir
pha dau sang pha nuéc trong qua trinh khai thac [2].
T’c”')c do I'ﬁ':’:l tréi phu thudc vao do bao hoa dau va hé [H(Kd_l)smlwz{(l_sm) fC( ) [(1 S)DL“ S D ac( ) (1)
s0 phan bo. Cac tac gia nhu K. Asakawa, R. Sinha [3, :

Su di chuyén cuia cac chét alkylphenol trong hai pha
dau (pha khong chuyén dong)/nuéc (pha chuyén dong)
trong mdi trudng rong xép dong nhit, mot chicu vo
han, dong chay 1a ddng nhit theo ca khong gian va thoi
gian, dugc mo ta qua phwong trinh [5]:
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An analytical model for leaching and
transport of alkylphenols
from crude oil in porous media

Summary

Formed along with petroleum, stable in reservoir
conditions, able to partition between oil/water
phase, alkylphenol compounds can be used
as natural indicators (tracers) to exploit the
information about oil saturation and contribution
to production wells.

This paper presents an one-dimensional
analytical model for leaching and transport
of alkylphenols from oil phase to water phase
during waterflooding. The obtained solution
of advective-dispersive equation expresses the
concentration of alkylphenols decreasing over
time across waterflooding. The experiments
of oil displacement by waterflooding through
the packed column gave the good agreement
between experimental data and analytical
data. The analytical model also showed the
obvious relation of decrease rate of alkylphenol
concentration with distribution coefficient, oil
saturation and velocity of water phase, but
insignificant relation with diffusion coefficient
of alkylphenols. The matching also showed the
disadvantage of used method of static phasic
contact in distribution coefficient measurement
which relates to the equilibrium establishment of
different alkylphenols.

Obviously, the analytical solution obtained
from advective-dispersive equation for leaching
and transport of alkylphenols from oil phase
to water phase is an important base for further
studies of using alkylphenols as the natural
indicators (tracers) of residual oil saturation in
oil production.

Keywords: alkylphenols, distribution coefficient,
natural existing indicator, oil saturation, tracer.
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Trong do: C, (x, t) 1a ndng d6 chat alkylphenol
trong pha nu6e ([M]J/[L]); K, 1a h¢ s6 phan bd dau/
nudce cua chat alkylphenol; (1-S ), S  1a d0 bao hoa
nude va do bao hoa dau trong méi truong rong xp; Vi,
1a van téc nuéc qua 16 rdng theo phuong x ([L]/[T]);
D}, D7, 1a hé sb phan tan cua chét alkylphenol trong
pha nuéc va pha dau ([L]¥T); t 1a thoi gian ([T]); x 1a
khoang cach ([L]).

bat:
A=1+(K, -1)S,
B=(1-S )D. +K S D )

C'=(-s,)v,
phuong trinh (1) tré thanh:
A (x,t) _ . (x,t)+B 0°C, (x,1)

o ox o @)
Diéu kién du cua bai toan:
CW(X,O)ZCOH(X), -0 <X <400 (4)
trong d6, H(x) 1a ham budc nhay:
1 xe [O,+oo)
H =
(X) {0 X € (— oo,O) ®)

v6i x thudce khoang [0,+00) khi t = 0, trong diéu kién
can bang chét alkylphenol c6 ndng do C, (IMV/[LP)
trong pha nudc.

Tai bién dong vao (x = -0), ndng do alkylphenol
luén bang 0 & moi thoi diém. Tai bién dong ra (x =+o),
gradient nong do bang 0. Diéu kién bién cta bai toan:

C_ (~o0,t)=0,t>0 (6)
oC, (X, t) ~0,t>0 (7)
ox

A . C
Chuyén hé toa d0 x =x +Kt,tac()Cw(x, t) >

C, (x', t), phuong trinh (3) tr¢ thanh:

A ac, (x,t) _ g0°C. (x',t)
ot ox’

®)

biéu kién dau va diéu kién bién tuong Gng:
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C. (~o,t)=0,t>0 Q)

=0,t>0 (10)

Ap dung L[CW (x' , t)] = TCW (x' R t)e""dt =C (x' s p) (bién d6i Laplace), phuong trinh (8) tré thanh:

BGZCWL(X‘,p)

o -ApC,, (x',p)=—AC,H(x) (11)

Diéu kién bién twong tmg:

6CW[<(X',p) B
e N 0 (12)
C, (~o0,p)=0 (13)

Nghiém téng quat cta phuong trinh (11) ¢6 dang:

C.(0p)=Cel +Ce™ +L[ e o HeNe e G@COH(é)daj (149

2g.|AP
\'B

0

hay:

C,(x, ):e%" C - AA e e JH(E)E et C,+ AA ]e@coﬂ(g)dg (15)
_ 2B\/E° | _ 2B\/;° |

Khi x' — +oo:

oC ,p

_C \/7 LRES { Ap Fp e H(%)d&} (16)
\/E

Tu (12) va (16) C, duoc xac dinh:
C, = I e, H(ge (17)

2B, [
B

C, duoc xac dinh tir (13) va (15):
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C, =
2B,/
B

Thay biéu thirc ctia C, va C, vao nghiém tong quat
ﬁ "

(15):
AC
wL (X"p)z 1; A =
oB.[2P |AP
B B

Bién d6i Laplace ngugc va chuyén hé toa 4o,
nghiém gidi tich the¢ hién nong do C  (x, t) cta chat
alkylphenol c6 dang:

I e nie (18)

B 0

C

(19)

x—C*t

C.(xt)=~C | 1+Erf| —A_ (20)
2 , [Bt
A

Tir dinh nghia va tinh chat cia ham Erf, nong d
cua cic alkylphenol C_ (x, t) co thé duoc biéu dién nhu
sau v6i X 1a bién theo khoang cach:

Quan hé cua C « (x, t) theo cong thure (21) biéu dién su
suy giam ctia nong do chat alkylphenol trong pha nudc
theo thoi gian dugc minh hoa trén dd thi hinh 1. Muc do
suy giam nhanh hay cham phu thudc vao cic hé s phan
bd, dd bio hoa dau va van tde di chuyén cua nudc la cac
thong s6 nam trong cac hé sb A, B, C* trong cong thirc
(2). Hinh 1a, 1b, 1¢c minh hoa mirc d9 suy gidam cta nong
d6 khi thay d6i lan luot cac thong sé phan bd, do bao hoa
dau, van tde pha nudc theo bang 1.

Khi xem x¢ét sw phu thudc cua mirc do suy giam
nong o C, (x t) vao cac hé sb phan tan, dé dang thay
rang su khuéch tan phan ti trong pha nude chuyen
dong co the b6 qua [6]. Trong pha dau khéng chuyen
dong, hé sb phan tan dugc quy dinh boi hé so khuéch
tan phan tir ciia cac chat alkylphenol. Tuy nhién, sy
anh huong cua ching ddi véi mirc d6 suy giam nong
do nhu da khao sat trong truong hop hinh 1d 1a khong
dang ké.
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Hinh 1: khao sat anh huong ciia cdc thong 56 doi voi mire dp suy gidm
nong do cua cac chat alkylphenol theo pha nudc: a) theo hé s6 phan bo,
b) theo dé bdo hoa dau; ¢) theo vdn toc pha nwdc va d) theo hé so
khuéch tan trong pha déu

Bang 1: théng s6 mé hinh gidi tich img voi cdc ho dwong cong trong hinh 1

Thong
s6

Trwrimg hop hé s0 phin
b6 thay di (hinh 1a)

Trutmg hop d bao
hoa diu thay di
(tinh 1b)

Truimg hgp vin the
pha nue thay dbi
(hinh 1¢)

Truding hgp hé s phin
tn doc trong pha ddu
thay doi (hinh 1d)

Chung

v, =029 (it

D, = 0,002 (cm2fphi)
D;, =0, (cm/phi)

V. =029 (miphi)

D, = 0.0002 (cnlphi)
D}, =0 (mphit)

x=30 (cm)
K=15

§ =03
D‘Lo =00002 (cm*/ph)

D, =02 (cm?/phit)

x=30 (cm)
K=13
§,=03

V=029 (cmiphi)

Dy, =0,2 (cm’/phi)

Riéng

K,=03

[/

K. =50

[

V.., =029 (cmiphit)
V:nl = 0739 (Cm/phm)

wa] - 0149 (Cm/PhUt)

D}, = 2.10* (mlph)
D,=2.10° (cm?/phit)

D, =910+ (cm?/ph)

Thuc nghiém

Thi nghiém xdc dinh hé so phén bo

Hé sb phan bd (K, cua mot chat  trong hai pha dau/
nudc duge xac dinh 1a ty s6 gitta ndng do cua chat do
trong pha dau (C ) v6i nong d6 trong pha nude (C)) ¢
diéu kién can bang

(22)

Hé s6 phan bd phu thudc manh vao nhiét do va
thanh phan hoa hoc cua hai pha, do d6 can phai xac
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dinh khi dicu kién thi nghi¢m thay d6i. Trong thi
nghlem nay, phuong phap cho pha nudc ¢6 nong do da
biét (C ) tiép xuc tinh véi pha dau cho dén khi dat can
bang duoc ap dung do diéu kién phan tich cua phong
thi nghiém. Tai thoi diém céan bang, nong do cua cac
chat trong pha dau dugc xac dinh qua nong do trong
pha nudc:

C - cCv, -CV, 23)

[ Vo

trong do: V, V_ tuong trng véi thé tich pha dau, pha
nudc.

Sau 97 gio tiép xtc ¢ nhiét d6 40°C, hé s6 phan b
ctia cac chét alkylphenol dugc xac dinh nhu bang 2.

Bdng 2: hé s6 phan b(i ciia cde chat alkylphenol
do trong diéu kién thi nghiém

Tén chit AMP | 2MP | 34DMP | 4PP | 24DMP | 4EP
K 02 06 |08 1,6 13 31 74

Phenol

Thi nghiém trén cft nhoi

Thi nghiém mo6 phong qua trinh rtra tréi da dugc
tién hanh trén mé hinh nudc ddy dau qua cot nhdi bi
thity tinh nham khao sat mic do suy giam ndng do
trong pha nudc ctia mot s6 hop chit alkylphenol phd
bién trong dau tho.

So d6 bb tri thi nghiém dugc gidi thigu trén hinh
2 véi mau dau thd cia mo Su T Nau va nudce ct &
40°C. Cac chat alkylphenol (Merck) bao gdm phenol,
4-methylphenol (4MP), 2-methylphenol (2MP),
3,4-dimethylphenol (34DMP), 4-propylphenol (4PP),
2,4-dimethylphenol (24DMP) va 4-ethylphenol (4EP),
dugc bd sung vao pha dau thong qua tiép xtic pha dau/
nude véi nong do di biét trong pha nude.

Céc thong s6 thi nghiém dugc liét ké trong bang 3.

40°C
Tu siy

Cot nhdi

Vg

i/
/
My 14y miu

Bom HPLC

Hinh 2: so d6 bé tri thi nghiém
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Nuée cat duoe bom vao cot da biao hoa dau véi luu
lwong 0,3 ml/phut va miu nuéce duoc ldy phan doan
theo thoi gian cho dén khi dat xdp xi trang thai bio
hoa dau du (67%) tai thé tich bom tich lity theo khong
gian rong (porous volume - PV) 1a 11 PV. Trang thai
bédo hoa dau du dugc hiéu 1a trang thai dau con lai bi
mic ket trong khong gian rong, khong thé thu hdi thém
trong cung ché d6 bom ép. Trong thi nghiém nay, trang
thai bao hoa dau du duoc chon khi sy khac biét giita
hai gi4 tri d6 bao hoa dau lién tiép khoang 1%.

Nong d6 céc chat alkylphenol trong miu nudc
dugc phan tich trén thiét bi sac ky long HPLC Dionex
Ultimate 3000, detector DAD, c6t C18. Gi6i han phat
hién ctia phuong phap phan tich khoang 107, chi tiét
tham khao trong bang 3.

Bang 3: théng sé thi nghiém cét nhoi

Théng sb Ghi chi
Chiéu dai: 30,5 (cm)
Duong kinh trong: 1,6 (cm)
Duong kinh trung binh: 100
- 150 pm

Khdi lugng riéng: 2,7 gem’

Noi dung

Cot thép khong ri (SS316L)

Bi thuy tinh (glass bead)

Thé tich rong cia ¢t nhoi

3 (30 1D 0,
V) 24,0 cm® (d9 rong 41%)
£ n , 0.
Diuthomo SuTiNau | wpoi luong riéng 6 40°C:
0,82 g/em?

i Khéi lugng riéng & 40°C:
Nude cit 0,992 glom’
Cic chét alkylphenol E(()):g d}?acjguaiiylliﬁfgl Gioi han phat hién HPLC -
(MERCK): &P DAD: phenol (0,03 mg/l),

Phenol, 4-methylphenol
(4MP), 2-methylphenol
(2MP), 3,4-dimethylphenol
(34DMP), 4-propylphenol
(4PP), 2,4-dimethylphenol
(24DMP), 4-ethylphenol

(4EP)

sung: phenol (134 mg/l),
4-methylphenol (128 mg/l),
2-methylphenol (137 mg/l),
3,4-dimethylphenol (194
mg/l), 4-propylphenol (379
mg/l), 2,4-dimethylphenol
(291 mg/l), 4-ethylphenol
(491 mg/l)

4-methylphenol (0,06 mg/1),
2-methylphenol (0,03 mg/l),
3 4-dimethylphenol (0,10
mg/1), 4-propylphenol (0,13
mg/l), 2,4-dimethylphenol
(0,40 mg/1), 4-ethylphenol
(0,05 mg/l)

Luu lugng bom ép nude

0,3 mUphat

Bom séic ky LC - 10AD

D0 bdo hoa diu du trong cot

67% thé tich rong (PV)

Két qua va thao ludan

Nghiém giai tich (21) sau khi lam khép v&i ndng do
cac chat alkylphenol xac dinh bang thuc nghiém dwoc
thé hién trén hinh 3 vdi cac thong s6 khdp cho trong
bang 4.

Sai s6 khép (Root Mean Square Error - RMSE)
nam trong khoang 0,02 dén 0,2 cho thay sy phi hop
t6t gitra mo hinh giai tich voi thuc nghiém.
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¢ Phenol
0,9 B AP
e PR
08
A3 34DMP
3
x iPP
%06 e UDN\P
5 03 + dEP
04 s, Pl
9
— NP
v P—Y
e —— JDMP
01 — | PP
——— UDMP
) LEP

THO!I GIAN (PHUT

WMAX

M4DVP

1ADMP
0.01 * dEP

THOL GLAN (PHUT)

Hinh 3: két qua lam khp dwong cong gidi tich theo cong thire (21) voi s6 liéu thi nghiém nong dé alkylphenol trén thang thiong (trdi) va thang ban logarithm (phdi)

Biing 4: théng s6 lam khép ciia nghiém gidi tich véi s6 liéu thue nghiém

Noi dung Théng s6 Ghi chi
Hé 56 phan tan trong pha dau (D7) | 0,0002 cm/phit [5]
Hé 56 phan tén trong pha nuée (D7, ) | 12 cm*/philt 7]
He 56 phan b tir két qua | Thoi gian hiéu chinh
lam khop nong d9 cia | d9 tré doi voi cac chat
cac chat alkylphenol: | alkylphenol:
Kd(phcno]) :1 12’0 T(phenol) - 90 (Il)lhﬁt)
, K., .= T,o= it
Cc chat alkylphenol a7 o e u )
Kd(ZMP) =15 T(zmp) =60 (phut)
Kd(34DMP) =21 T(341)Mp) =40 (phat)
Kd(4PP): 2’0 T(4pp) = 30 (phllt)
Kd(24DMP) =3l T(241)Mp) =0 (pht)
Kd(4EP) =13 T(AEP) =0 (pht)

Nghiém giai tich theo cong thic (21) dua trén gia
thiét nudc duge bom qua cot trong trang thai bio hoa
dau du. Tuy nhién, trong thi nghiém, nudc dugc bom
qua cot ngay tir trang thai dau bao hoa 100% dén
khi dat trang thai bao hoa dau du, do d6 tao ra do tré
vé thoi gian gitra phan bb nong d6 thuc nghiém véi
nghiém giai tich. Murc d6 tré phu thudc vao hé $6 phan
b6, K , cang nho thi dg} tré cang 16n va nguoc lai. Thoi
gian hiéu chinh d9 tré trong qua trinh lam khop dugc
dua ra trong bang 4.

Trén thuc ’té', cac gia tri K, do ¢ thi nghiém trén
khong cho két qua khop gitta nghiém giai tich voi
phan bd ndng do thuc nghiém. Hinh 4 so sanh gié tri
hé s6 phan b thuc nghiém va lam khép cho thiy su
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=0,9K

r

sai 1éch theo quy luat K . - aaoy T 0,7 vOi hé sO
tuong quan 0,993, trong do6 céc chat c6 K nho thi sai
khéc nhiéu. Diéu nay c6 thé dugc giai thich tir phuong
phap do hé sé phan bd bang cach khuéch tan cac chat
alkylphenol tir pha nuéc sang pha dau da sir dung &
trén. Theo quy luat chuyén khdi, cac chat c6 K 4 lon
som dat can bang khi khuéch tan tr pha nudc sang
pha dau, trong khi chat c6 K 4 ho can nhiéu thoi gian
hon. Trinh ty nay nguogc lai khi khuéch tan tir pha dau
sang pha nudc. Nhuoc diém cua phuong phap do K )
qua ti€p xuc tinh c6 thé dugc khac phuc bang hai cach:
chuyén khoi bu trir nhu tic gia Lauriane Fillous dé
xudt [8] hodc ting co hoi tiép xtc gitra hai pha.

8

v= 09 +0.7 . AEP
7 R2=0993 <
A
K 24DNP
3 L]
3R

! :-ALP__.'% PP
phenal @
1 g P

0 1 2 3 - 5 5 7 8

Kdthire nghiém

Hinh 4: so sénh giita gid tri hé s6 phdn bé thue nghiém va lam khép
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Két luan

Nghiém giai tich thu dugc tir viéc giai phwong trinh
van chuyén khuéch tan biéu dién qua trinh rira trdi cua
cac hop chit alkylphenol tir pha dau boi pha nuée da
dugc kiém ching bang thi nghiém trén cot nhoi. Cac
két qua so sanh cho thdy sy pht hop giita nghiém giai
tich va s liéu thuc nghiém, theo do, tdc do rira troi cac
chat alkylphenol tir pha ddu phu thudc 15 rét vao hé sb
phan bd. Sy phu thude vao cac yéu td khac nhu d bio
hoa dau, van téc pha nude can duge tiép tuc nghién
ctru. Qua trinh lam khop nghiém giai tich cling gitp
chi ra nhugc diém cua phuong phap do hé sé phéan bd
qua tiép xuc tinh.

Nghiém giai tich thu dugc tir phuong trinh van
chuyén - khuéch tin mé ta qua trinh rira troi cia cac
alkylphenol tir pha dau sang pha nudc sé 1a co s& quan
trong cho cac nghién ciru tiép theo vé phuong phap
sir dung alkylphenol nhur 14 chat danh dau ty nhién dé
danh gia dau du bio hoa trong qua trinh khai thac dau
mo.
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