PETROVIETNAM

UNG DUNG CAC POLYELECTROLYTE LAM CHAT PHA NHU
DE XU LY NHU TUONG DAU/NUOC TRONG NGANH
CONG NGHIEP DAU KHI

Toém tat

T6i uu viéc khir nhii tuong dau/nuéc trong nudc thdi nhiém dau doi héi su hiéu biét cdc diéu kién tao ra su bén
viing cta nhii tuong, sau dé st dung cdc gidi phdp tét nhdt dé nang cao hiéu qua khir nhi tuong. Cdc phuong phdp
khir nhi tuong gém: bé sung nhiét, khudy trén co hoc, hiéu chinh bé mdt tiép gidp héa hoc ciia hat nhd, diéu chinh dé
nhét cia pha lién tuc, “trung héa” cdc tdc nhdn nhd héa, hodc giam luc ddy tinh dién. Viéc khir nhii tuong trong nuéc
thai nhiém ddu thudng du'oc hé tro bdng cdch bé sung cdc polyelectrolyte mach thdng. Cdc nha nghién ciu dé tao ra
polyelectrolyte c6 cdu tric phdn tir méi, c6 tdc dung téi da héa kha néing tich dién tai ché cia tdc nhdan phd nhi. Dir
liéu thirnghiém trong phong thi nghiém va hién truéng cho thdy polyelectrolytes méi thic ddy viéc tdch dau/nuéc tét
hon so véi cdc loai polyelectrolyte mach thdng thudng sit dung, ngay ca khi sir dung & néng dé thap.

Tirkhoa: Polyelectrolyte, chdt phd nhd, nhi tuong ddu/nudéc.

1. Giéi thiéu

Dén nay, nhiéu phuong phap kh nhii tuong da duoc
kiém nghiém nhu: ly tam, 1dng dong, hé théng dun nong,
strdung chat phan tan va chat pha nha tuong... [1]. Trong
do, phuong phap dun néng va ly tdm khong dugc st dung
nhiéu do chi phi bao duéng cao va nhu cau nang lugng
I6n. Do cac chat phan tan cé tac dung kém khi khir nhi
tuang c6 d6 nhét cao nén cac nha khoa hoc khuyén khich
nghién ctu Ung dung cac chat phéa nhi tuong [1]. Viéc b6
sung cac tdc nhan pha nhi hoéa hoc (chemicaldemulsifier)
¢6 thé tao diéu kién thuan lgi cho viéc tach dau/nudc [2]
nhu: thai gian ngan va chi phi thap, gidm d6 nhét ctia nha
tuong dau tho, cai thién kha nang bom...

Trong bai viét nay, nhom tac gia dé cap tdi viéc tng
dung céc polyelectrolyte trong x(t ly nhii tuong dau trong
nudc thai nhiém dau. Cac polyelectrolyte la chat hé trg
pha nh hiéu qua cao cho cac thiét bi tuyén néi khéng khi.
Thiét bi tuyén ndi khéng khi lam viéc trén nguyén ly gia
tdng stic ndi cho giot dau va chat ran/lo Iting bang cach
bé sung cac bong béng khi nhé vao chit nén la nudc thai
nhiém dau. Cac bong bong gan vao dau va chat ran/lo
Iting, tdng thém suc ndi dé tach nhanh hon trong ky thuat
tuyén néi. Thiét bi hét bot (Skimmers) hét bé bot néi hoac
bun néi dé lai nudc thai da dugc tinh ché. Ngoai ting dung
nhu chat trg tuyén cho ky thuat tuyén néi khéng khi, cac
polyelectrolyte thusng dugc st dung dé pha cac loai nha

tuang dau/nudc bi nhi hoa tu do va tao thanh cum x6p
dé tang cudng viéc tach, cai thién chat lugng nudc thai va
gidm chi phi cho khau x{ ly nudc thai.

2. Ung dung cac chat khit nhii d€ x& ly nhi tuong
dau/nuéc

2.1. Su'bén viing ctua nhii tuong dau/nuéc

H6n hop dau/nudc la sy tham gia vao hai pha riéng
biét va c6 thé xuat hién dudi dang nha tuong. Nha tueng
I3 hén hgp 6n dinh cla hai chat dng khéng hoa tan vao
nhau gbm mét pha phan tan (riéng biét) dugc phan tan
trong mot pha lién tuc dudi dang nhitng giot nho. Nhii
tuang thudng dugc chia thanh 2 loai: nhi tuong dau/
nudc (dau la pha phan tan, dugc phan tan trong nudc la
pha lién tuc); nhi tuong nudc/dau (nudc la pha phan tan,
dugc phan tan trong dau).

Anh chup thudng va anh chup qua kinh hién vi dién
td hai loai nhi tueng dau/nudc, nudc/dau thé hién trén
Hinh 1 va 2. Trong bai viét nay, nhém tac gia gidi thiéu vé
nhi tuong dau/nudc. Kich thudc giot dién hinh cho nhi
tuong dau la tir 0,1 - 5,0um. Trén 5,0um, cac giot dau hop
lai thanh cac giot dau tu do. Duéi 0,1um, giot dau cé xu
huéng dugc hoa tan trong nudc [4] va cac phuong tién
dé loai b hay thu héi dau trong nhii tuong dau/nudc bao
gém siéu loc, carbon hap phu hoac bun sinh hoc hoat tinh
da dugc xtt ly, hoa chat...
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Su 8n dinh cia nhii tuong phu thudc vao nang lugng tu
do ctia su két tu, dé chinh la chic nang clia dién tich bé mat
giot dau. Dién tich téng cong bé mat giot dau sé giam khi
hai giot hgp lai thanh mét giot I6n han. Biéu nay tao diéu

hoa lyc ddy sé lam 6n dinh nhii tuong, tao ra nhing giot
riéng biét. Cac giot nay két hop lai, tang kich thudc giot
nén khong dugc phan tan trong pha lién tuc. Qua trinh
nay tuan theo Binh luat Stokes:

kién thuan Igi cho qua trinh diéu chinh nhiét dong va cling 2Gr2(r1-r2)
tao ra diéu kién bat loi cho nang lugng tu do. Theo d6, viéc V= " 9h
kh(r nha tuong la mét qua trinh tu phat. Chi hai hé théng
thanh phan (riéng biét) thudng khéng tao nhii tuong.

Trong do6:

V: T6c d6 nhiing giot dau sé chim xuéng hodc néi lén;
Su hinh thanh mét nhii tuong bén viing doi hoi nang

lugng pha tron phai day d véi su xuat hién ciia mot thanh

phan thi ba déng vai trdo nhu mot tac nhan nha hoa.

h: D6 nhét trung binh (pha lién tuc);
r1: Ty trong giot;

Tac nhan nha hoa la chat hoat dong bé mat, c6 thé r2:Ty trong trung binh (pha lién tuc);
lam thay dé&i cac dic tinh cla giao dién dau/nudc. Khi
stic cang bé mat tiép giap gitra hai chat
lbng khoéng trén 1an (immiscible) giam,
nha tuong sé dugc hinh thanh [4]. Thong
thuding mét tac nhan nhii hoa co6 thé la
chat hoa tan dugc trong pha phan tan va
sé c6 xu hudng tién tGi hoa tan trong pha
lién tuc. Phan cuc, cac tdc nhan nhi hoéa
ua nudc, sé cho phép tao ra hé nhii tuong
dau trong nudc. Vi du vé cac tdc nhan nhi
hoéa cu thé dugc tim thay trong nuéc thai (@) o N (b) }
nha may loc dau, hay nudc khai thac tur cac
mo dau/khi gom: chat hoat déng bé mat,
cac acid béo, acid hitu cg, mudi kim loai,

G: Hang s6 trong luc (gravitational constant).

sulfide, dat sét va bun.

Tac nhan nhi héa cé thé 1a chat ran
hay 1dng hoat dong théng qua mét hoac
nhiéu cac co ché tao nhi dugc cong nhan
(Bang 1). Cac yéu t6 khac anh hudng dén
su 6n dinh nhi tusng gém: pH, d6 nhét,
mat dog, nhiét do, lugng nudc trong nhi
tuong, cac mudi kim loai, viéc khudy tron
va thai gian luu gilr nuéc thai.

(a) (b)
Hinh 2. Anh chup qua kinh hién vi nhii tuong ddu/nudc (a)
nhi tuong nudc/dau (b)

2.2. Khir nhii tuong ddu trong nuéc

Khit nhii tuong la qua trinh lam cho
nhi tuong bi mat 6n dinh. Qua trinh khi
nh{ tuong gém hai budc, keo tu theo sau
su hgp nhat. Keo tu/déng tu lam vo hiéu

Giotnudc +

— asphaltene én dinh giot nuéc
(giot chéng lai su hop nhdt do khéng gian/keo én dinh)

tdp hop asphaltene

Hinh 3. Co chélam 6n dinh nhi tuong dau/nudc [4]

Bdng 1. Cdc co ché cua tdc nhdn nhi héa [4]

Dang Hoat dong Két qua
Chat léng Bé& mat - Hoat dong Tac nhan lam gidm bé mat/stic cang mat phan cach gila giot va pha lién tuc
y x Tac nhan hap phu giot nhu chudi mé ré & t3 . i vé kho i h
Chitléng Chusi bén vao nhau dc nhan hép phy giot nhu chudi mé& rong dé tang trd ngai vé khéng gian cho
tiép xuc hat.
Chat ran Hat/Tiép xuc hat Téac nhan lam tang luc ddy tinh dién gilia cac hat
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T6c d6 tao két bong bi anh hudng bai kich thudc giot
dau va d6 nhét ctia pha lién tuc. Su khac biét mat do gita
cac giot trong pha phan tan va trong phalién tuc c (r1 - r2)
xac dinh sé xay ra su sa lang hodc ndi lén.

- DEivéi (r1 - r2) = gia tri am: su ndi lén sé xay ra (vi
du, céc giot néi lén bé mat);

- DG&ivéi (r1 - r2) = gia tri duong: su sa lang xay ra (vi
du, cac giot lang xuéng day).

Su hop nhat la qua trinh ma hai hodc nhiéu giot hon
dén vai nhau d@é tao thanh dang 16n hon, tao giot kém 6n
dinh hon. Phé vé nhi tuang xay ra khi mot sé giot két hop
lai thanh cac giot I6n hon tao ra pha tu do. Su hgp nhat sé
tang lén néu c6 mot trong cac diéu kién sau: gia tang su
khuyéch tan, lam tang kich thudc giot, gidm d6 nhét cua
pha lién tuc, gia tang néng dé pha phan tan.

Cac phuong phap truyén théng dugc
sttdung dé tang cudng khirnhi tuong dua

biét sé thic ddy nhanh han hodc 6 chi phi thap hon qua
trinh kh{r nhii tuong dau/nuéc. Anh chup qua kinh hién vi
biéu dién hiéu qua cla viéc sir dung phu gia C8TAB (chat
hoat déng bé mét cationic) véi cac ham lugng khéac nhau
sau mot phut (Hinh 5).

3. St dung cac polyelectrolyte lam chat pha nhii dé xi
ly nhii tuong dau/nuéc

Polyelectrolyte (thuong dugc goi la “polymer” trong
qua trinh déng tu la cac phan t polymer hodc ti téng
hgp hoac ti hitu ca cé cdc nhédm ion héa hodc cac nhéom
tich dién.

Polyelectrolyte c6 thé dugc phan loai theo nguén géc
nhu:

- Tu nhién: c6 nguén goéc tir cac san pham tinh
boét hodc ngudn géc sinh hoc (vi du: alginate tU tao,

vao viéc cai thién t6c do két béng hoac su
két tu (flocculation or coalescence). Diéu
nay c6 thé dugc thuc hién bang cach: gia
tang nhiét; khuay tron co hoc; diéu chinh

héa hoc giao dién clia nhing giot dau/ 0 OOOO
0

chat long; diéu chinh hoa hoc d6 nhét

cla pha lién tuc; thay thé/pha hay cac tac OO O 8
Q-

nhan nhi héa; gidm luc tinh dién/luc day

& 9‘

0 C?’QB
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khong gian. [4].

D& xtt ly nhi tuong dau/nudc can bd
sung hoéa chit dé€ pha vé nha tuong va cai
thién thiét bi co khi tach dau/nudc. Cac
chat héa hoc khac nhau dugc sir dung dé
gay mat 8n dinh nhi tuong. Chat khir nhi
tuang phai co kha nang phan tan dong déu
trong nha tuong, di chuyén nhanh chéng
dén giao dién cac hat trong nhi tuong va
chéng lai cac dnh hudng khac lam 6n dinh
nh tuong. Ca ché bao gébm can bang hoac
dado ngugc stic cang bé mat ti€p giap trén
moi bén cua I&p phim tiép gidp, trung hoa
nhiing tiéu tén dién 6n dinh hoac lam két
tha cac chat nhi hoa nhu thusng duoc
thuc hién véi cac cation phan ung H*, AP+,
Fe**, hoac Ca*. Acid, nhém, sat, calcium la
cac chat hoa hoc chinh dugc st dung cho
kh{ nha tuong (Hinh 5) [5].

Cac chat khi nhii tuong 6 thé |a hoa
chat thuong mai hodc hoa chat dac biét.
Trong nhiéu trudng hgp, cac héa chat dac

c) 100ppm C8TAB

Hinh 5. Anh chup nhi ddu/nuéc (30% ddu thé) qua kinh hién vi sau mét phat
thém tdc nhan phd nhd héa hoc la polyelectrolyte véi cdc néng dg khdc nhau

két béng saldng két tu

(hodic néilén)

Hinh 4. So dé biéu dién co ché khir nhd tuong ddu/nuéc

b) 50ppm C8TAB

d) 200ppm C8TAB
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chitosan tU qua trinh acid héa cta kitin trong vo dong
vat hai manh);

- Téng hagp: t6ng hap polymer t& monome (vi du,
polyamine, sulfonate...);

Polyelectrolyte con dugc phan loai theo dién tich khi
6 mat trong dung dich:

Bdng 2. Nhiing thi du vé cdc polyelectrolyte

Kiéu Nhém chuic Vidu

Cation Amin bac 4

Polyvinylalcohol

Kho ti
ong cation Polyacrylamide

Amid polyalcohol

Acid Polymethacrylic

Anion
Polyvinylsulfonate

Sulfonic carboxylic

- Cation: tao thanh mét cation I6n trong méi truong
nuéc;

- Khoéng ion: khong cé dién tich trong moi trudng
nuéc;

- Anion: tao thanh mot anion 16n trong moi trudng

nudc.

Mot s6 vi du vé céc polyelectrolyte va
cautricphantirctia cacloaipolyelectrolyte
dugc thé hién 8 Bang 2 va Hinh 6 [1].

Polyethylenamine hydrochloride
Polydiallyl dimethyl ammonium

3.2. Polyelectrolyte truyén théng (mach
thdang)

Trong nhiéu Ung dung xU ly nudc
thai mot chat két tha cation tich dién cao
dugc st dung dé trung hoa dién tich am tu
nhién cla cac hat phan tan hodc dau. Cac

R hat dién tich - bi trung hoa sau dé duogc

0
—CH,—C Hz—l?l Z
H
cr
n

Polyethyleninine

Hinh 6. Cdu trdc phdn ti cta mét sé logi polyelectrolyte

—CH.—CH—
L i
7 CH2 é
NH, =0
n CI)
n

Polyacrilamide

Poly(meth)acrilic acid

B6 sung moét lugng nhd cda
polyelectrolyte mach thidng dai dé
hién chuyén tiép cho cac nhém hat déng
tu, lam tang kich thudc cum x6p va cai

déng tu dé dang hon véi su pha tron.

Bdng 3. Liét ké cdc uu va nhuoc diém cla cdc ky thudt khir nhi tuong ddu/nudc [6].

Ky thuat
Thém chét dién giai don
gian

B& sung cac ion kim loai

Khudy tron

Tang PH

Gidm PH

Chat déng tu vo co

Polyelectrolyte h{tu co
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Phuong phap pha nhi

Tang stic manh ion, giam do
hoa tan chat nhi héa, giam
luc day

Thay d6i chat tao nhii &
trong muéi kim loai khéng
tan don gian nhu xa phong

Thuc déy tiép xuc giot,
nang cao su két tu

Lam tang d6 pH sé két tda
chat tao nhi chi véi xa
phong don gian

Gidm d6 pH sé trung hoa
dién tich am, diéu d6 6n
dinh nhii tuong

Trung hoa dién tich va hap
phu dau trong pha phan tén

Trung hoa dién tich va lam
cau nédi dé tang su tiép xuc
va t6c do sa lang hodc nébi
Ién, c6 thé thay thé/pha hly
chat tao nhi

Uu diém

Don gian, ré tién

Don gian, ré tién

Don gian, khéng can héa chat

Don gian, ré tién

Don gian, ré tién

Chi phi tuong d6i thap cho
moi pound

Khéi lugng bun thap, da chic
nang, pH cé thé thay déi, chi
can liéu lugng thap hon so
vGichat vo cg, cai thién tach;
dé dang tach nudc khéi bun

Nhugc diém
Poc cho vi khudn, khéng hiéu qua
cho chat hitu co phtc tap hodc
chatran

Poc cho vi khuan, khéng hiéu qua
cho chat hitu co phtc tap hodc
chatrén

Nang lugng cao, c6 thé tao ra nhi
tuong 8n dinh hon

Tuong d6i doc déi vai vi khudn, co
thé tao ra cac tac nhan phuic tap
haon, dn mon

Tuong d6i doc déi vai vi khuén; &n

mon

Khoi lugng bun tuong doi cao; an
mon; rat nhay véi pH

Chi phi tuong d6i cao véi moi
pound cho héa chat dac biét

mot
thuc
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thién kha nang sa lang (hoac tha ndi - trong trudng hap
tuyén néi khong khi).

Qua trinh nay gébm hai buéc, st dung moét chat vo co
cé ty trong cao hodc chat déng tu hiiu co, theo sau la mét
polymer két béng mach dai (Hinh 7).

3.2. Polyelectrolyte méi

Diéu ché moét polyelectrolyte mdi dé thuc hién ca hai
chtic ndng v6i mot cau trac phan ti da chiic nang duy
nhat. San phdm nay gém mét loat cac copolymer khéi,
moi khoi ton tai mét trong hai dac tinh hoac la ua nudc
hodc la ky nudc. Cac copolymer khéi c¢6 uu diém hon
cac copolymer ngau nhién hay hén hgp polymer déng
nhat, do két qua téng hap c6 thé tao ra cdc nhém chiic
trong copolymer khéi, la mét loai polymer hiéu qua hon.
Uu diém chinh trong hai san pham déng tu/két tu cla
phuong phap xt ly truyén théng dugc thuc hién bsi mot
san phdm duy nhat la polyelectrolyte méi (Hinh 7) [6].

Trong khi polymer mach thang c6 thé cuén va gap
lam cho mét s& cac monome tich dién khéng thé két
ndi hodc khéng st dung dugc dé cho trung hoa hat thi
polymer khéi dugc thiét k€ gém cac sap xép c6 muc dich
clia cdc monome tich dién hudng vé phia ngoai ciing cla
nhanh nho ra cia ban kinh phan ti. Cau hinh t6i da héa
nay clla monomer tich dién st dung cho viéc trung hoa
dién tich hat [2].

o —1 Phadau lién tuc
O—— LSp khong gian

O—— Cac giot nugc bi nhii héa

Két bong

—— Céc chat phan tan polymer

Két tu

Hinh 7. Hai buéc dé bé gay nhi tuong dau/nudc bdng
polyelectrolyte: két béng va két tu

DPé danh gia hiéu quéd cla cac polyelectrolyte méi
va so sanh vdi cac polyelectrolyte mach thdng théng
thudng, nhém tac gia da xem xét mot s6 thi nghiém su
dung cac polyelectrolyte maéi dé lam chat pha nha (hay
chat trg tuyén). Thiét bi tuyén ndi cdm (ng (IAF) cla
Phong thi nghiém Wamco dugc st dung dé tao cac dir
lieu so sanh hiéu sudt cla cac polyelectrolyte méi vai
mot cation polyacrylamide mach thdng théng thuéng c6
ty trong va trong lugng phan tir tuong duong nhau. Cac
tinh chat cta chat nén (nudc thai nhiém dau) la: pH:6.6,
téng chat ran: 1.000ppm (mg/L), 6 duc: 87,5NTU. Cac
diéu kién thi nghiém trén thiét bj tuyén ndi & Phong thi
nghiém Wamco dugc st dung dé danh gia la: Khudy 15
gidy véi téc dd 900 vong/phat ma khéng can bé sung
khong khi, tiép theo la 30 giday cho bom khéng khi, sau dé
la thu gom bot.

Cac mau sa lang dugc thu thap sau 60 gidy sau khi
hoan tat viéc pha tron. S& dung may do dé duc Hach dé
do d6 duc trén cac mau sa lang.

Hinh 8 cho thdy polyelectrolyte mai dat dugc hiéu
suat téi uu dugc do bang dd duc téi thiéu véi liéu luong
thdp hon 30% so vai cac loai polymer tuyén tinh théng
thudng. Méi diém di liéu trong Hinh 8 thé hién gia tri
trung binh nhiéu phép thi [2].

Cac chat lam dong tu/chat xu ly polyelectrolyte méi
& cac thiét bi tuyén ndi DAF da cai thién chat lugng nudc
thai bang cach gidm dé duc trung binh tir 22,8NTU xuéng
10,2NTU. K&t qua trén Hinh 9 la d6 1éch binh phuong cla
dau vao va dau ra ctia do duc trong khi thtr nghiém dugc
tinh todn tuong Ung la 12,5 va 6,7NTU.

Hinh 9 cling cho thay chi phi cia héa chat xt ly trudc
va sau khi thtr nghiém x& ly bang polyelectrolyte méi.
Ham lugng hoéa chat trung binh da gidm dé chi phi trung
binh cho xtt ly gidm khodng 40% [2].

— Hiéusuat clia polyelectrolyte méi
Hiéu suét cua polyelectrolyte mach théng

90 —
80 —
70 —
60 —
50 —
40
30
20
10 =
. T T T —

o] 2 4 6 8
Ham lrgng polyelectrolyte, mg/L

Pé duc clia chat sa lang, NTU

Hinh 8. Thi nghiém trén thiét b tuyén néi cém tng (IAF) - So sdnh
hiéu sudt ctia polyelectrolyte mdéi véi polyelectrolyte mach thdng
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Hinh 9. Thi nghiém x ly héa hoc trén thiét bj tuyén néi DAF - chi
phi'truéc khi va sau qud trinh tha nghiém polyelectrolyte méi

4.Kétluan

SU dung héa chat kht nhi tuong la phuong phap
phd bién nhat dé xi ly nhi tuong dau thoé trong nudc va
lien quan dén viéc bd sung cac chat khit nhi héa hoc dé
loai bd céc anh hudng cla cac tdc nhan nha héa va cho
phép thic day qua trinh pha v& nhii tuong. Két qua thuc
nghiém cho thdy viéc x{r ly nuéc thai nhiém dau bang
polyelectrolyte mdi trén thiét bi tuyén ndi da cai thién
chat lugng nudc thai vai lugng chat khir nhi thap va gia
thanh ha.
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Application of polyelectrolyte as an emulsion breaker for
oil/water emulsion processing in the oil and gas industry

Summary

Optimal oil-in-water emulsion breaking of oilly wastewater requires understanding of the conditions that promote
a stable emulsion, then using the best means to enhance demulsification. Addition of heat, mechanical agitation,
chemical interfacial modification, continuous phase viscosity modification, “neutralisation” of the emulsifying agent,
or reduction of electrostatic repulsive forces are among the emulsion breaking methods. Oily wastewater emulsion
breaking in the petroleum industry is usually aided by the addition of linear polyelectrolytes. A novel class of poly-
electrolytes that deviates from the standard linear molecular structure has been created by researchers. The new
polymeric structure maximises charge site availability for demulsification. Laboratory and field test data show that
these new polyelectrolytes promote better oil/water separation than the commonly used linear types, even at lower
usage rates.

Key words: Polyelectrolyte, emulsion breaker, oil/water emulsion.
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