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Problems encountered when exploiting and transporting crude oil
containing solid paraffins is that it easily crystallizes under normal
temperature, causing many challenges such as paraffin wax deposition,
reduced flow rate, gel formation, loss of pipe pressure... When the
crude oil temperature is below the wax appearance temperature (WAT),
paraffin will precipitate and separate from the oil. Many solutions that
have been and are being used such as insulation, mechanical, thermal,
chemical methods, using wax inhibitors - pour point depressants (PPD)
and dispersants... The method of using additives to increase
solidification temperature or inhibit wax, improve the rheology of crude
oil and reduce paraffin deposition is considered one of the most
effective method.

In this study, polymers made from a combination of three monomers,
behenyl acrylate, stearyl methacrylate and vinyl acetate, were studied to
find the most optimal combination for the purpose of manufacturing
pour point lowering additives for oils.

1. Gigi thiéu chung

cao), trong khi nhiét dé nudc bién dao déng trong
khoang tir 25 — 28°C [2]. Do dé, dé van chuyén dau
thé giau n-parafin ran, nhiéu phucng an da dugc dua

M6t trong nhiing van dé thudng gdp phai khi khai
théc, van chuyén déu thé chia nhiéu n-parafin ran do
la cac n-parafin nay dé bi két tinh trong diéu kién nhiét
doé thuong, gy ra nhiéu thach thiic nhu lang dong sap
parafinic, giam téc dé dong chay, tao gel, mét ap suat
duong 6ng, hodc tham chi gay tac dudng 6ng hoan
toan [1].

Thanh phén dau thd clia cadc mo déu khai thac thudc
Vietsopetro c6 ham lugng paraffin nam trong khoang
tu 17-27%, nhiét d6 dong dac trong khoang tu 29-
360C (la loai ddu c6 dé nhdt va nhiét dé dong déc

ra dé ngan chan, han ché hién tugng ldng dong nay
nhu: phuong phap cach nhiét, co hoc, nhiét, hda hoc,
str dung chét Uc ché sap — cac chét ha diém déng dac
(pour point depressants — PPD), chét phan tan va cac
phsuang phép khac nhu st dung tur trudng, séc lanh,
séng siéu am, vi khuén...[2]. Trong dé, phuong phap su
dung cac phu gia lam ha nhiét d6 dong ddc hay Uc
ché sap, cai thién tinh luu bién cla dau thd va gidm
lang dong parafin dugc coi la mét trong nhiing
phuang phap hiéu qué va kinh té hon cd, hién dang
rat dugc quan tam nghién clu [3, 4].
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Nguyén ly clia phuang phép nay la st dung polyme
hodc copolyme phan cuc vai cau tric va kich thudc
thich hgp, khi tan trong dau thé sé tuong tac vai cac
parafin ran, lam gian doan sy phét trién tinh thé cua
chiing, hodc Uc ché sy hinh thanh tinh thé thong qua
thay d&i hinh thai cla séap [5, 6].

Trong coéng trinh nay, cac copolymer tao thanh tir t6
hgp ba monomer la behenyl acrylat, stearyl metacrylat
va vinyl axetat s& dugc nghién clu dé tim ra su két hop
t6i uu nhat cho muc dich ché tao phu gia ha diém
dong dac cho dau thd tai Vit Nam. San phdm
polymer t6ng hgp dugc da tién hanh pha ché véi dung
moi dé st dung lam phu gia gidm nhiét d6 dong dac
cho déu tho, két qua thuc nghiém cho thdy, khi pha
phu gia vao dau thd da co thé gidm nhiét d6 dong dac
clia dau tho tir 36°C xudng con 24°C.

2. Thuc nghiém va phudng phap nghién clu
Héa chat

Monome: stearyl metacrylat, lauryl acrylat, behenyl
acrylat, lauryl metacrylat va behenyl metacrylat - BASF,
Buc. Monome vinyl axetat - Sigma Aldrich, Merk Btc.

Chét khai mao: 2,2'-azobis(isobutyronitril) (AIBN) -
Sigma Aldrich, Merck, Bidc. Dung mai: Solvent-100 hay
Solvesso 100 (mét hén hgp cac hydrocacbon thom
(thanh phan chinh la C9) - Exxon Mobile, My. Etanol,
tert-butanol (TBA) - Sigma Aldrich, Merck, Buc.

Dung cu

Qué trinh téng hop polymer dugc thuc hién trong binh
cau c6 gan canh khudy, sinh han héi luu, bé phan suc
khi nita va nhiét k&, dugc dat vao trong hé théng diéu
nhiét (hinh 1).

Hinh 1: So do thi nghiém téng hap polymer
Quy trinh téng hop polymer

Monomer hodc hdn hgp monomer nguyén liéu va
dung moéi dugc nap vao binh phan Ung, dugc khudy
vai t6c db nhét dinh.

Nong dé monome khéc nhau thay déi tir 15, 30, 45
dén 60 g Behenyl acrylate trong 45 g dung moi
Solvent 100. Cac monomer Stearyl methacrylate, Vinyl
acetate s& dugc cho vao vdi lugng thay déi nhung
lubn gitt mét ty 1& khéi lugng ¢ dinh 1a Behenyl
acrylate/ Stearyl methacrylate/ Vinyl acetate = 15/2/2

Hé théng binh phan Ung dugc hit chan khong trong
vong 30 phut dé loai bo khdng khi. HEn hap phan tng
dugc gia nhiét t&i nhiét dé nhat dinh trudc khi thém chét
khoi mao. San phdm sau phan Ung dugc pha lodng
thanh dung dich 40% trong dung méi Solvent 100.

Qué trinh tach polymer @€ tinh todn hiéu sudt phan
Ung dudc thuc hién nhu sau: 1&y dung dich sau phan
Uing pha lodng trong etanol (hodc tert-butanol) dé thu
dugc két tua polymer, vi polymer khéng tan trong céc
dung méi nay, nhung lai hoa tan cac monomer va chéat
khai mao. Loc két tda, tinh ché san phdm hai lan bang
cach hoa tan trong Solvent 100 va két tua lai trong
etanol (hodc tert-butanol).

Két tua sau doé dugc sdy kho & 45°C trong ft nhat 12
gi dé thu sdn phdm polymer dung cho viéc xac dinh
cac dac trung nhu: khéi lugng phén to trung binh va
do da phan tan bang phuong phép séc ky thdm thau
gel (GPC); xac dinh hinh thai hoc bang kinh hién vi dién
t& quét (SEM); xac dinh thanh phén nguyén té bang
phd tan sac nang lugng (EDX); xac dinh cau trdc phan
tl bang phé hong ngoai (FT-IR) va phd cong hudng tur
hat nhan (NMR: BC-NMR, 'H-NMR); xac dinh do bén
nhiét bang phuong phap phan tich nhiét TG-DSC.
Nhiét dé dong dac clia ddu thd dugc xac dinh théng qua
phuong phép phd phan tich nhiét quét vi sai (DSC)

3. Két qua va thao luan

Ké thira két qua tur cac cong trinh da dugc cong bé (3,
5, 6]. San phadm polymer (BKOT) trong cong trinh nay
dugc t6ng hop tU 3 monomer bao gém: behenyl
acrylat, stearyl metacrylat va vinyl axetat. Khéi lugng
phan tlr trung binh khéi Mw clia san pham BKO1 dugc
dugc xac dinh qua phuong phap sac ky thadm thau gel
(GPQ), véi gidn dd GPC dugc biéu dién trong Hinh 2.

Két qua cho thay, polymer BKOT c6 Mw dat 40.238
dalton, Mn dat 25.195 dalton va PDI dat 1,597. Viéc tao
ra dugc KLPT vira phai va do da phan tan hop ly hira
hen sé gilp polymer BKOT co hiéu qua cao trong viéc
gidm nhiét d6 dong dac clia dau thé. Cé thé cho rang,
c4c phén t& polymer nay du Ién dé tao ra hiéu Ung
khéng gian can trd qué trinh két tinh cla tinh thé sap
parafin, nhung khéng qua Ién dé c6 thé phan tan dé
dang trong dung méi cling nhu trong dau tho, tao
hiéu qua giam nhiét dé déng dac.
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Nguyén nhan polymer BKO1 c6 KLPT khéi vira phai va
chi s6 PDI thdp da dugc gidi thich la do su két hgp qué
trinh polymer héa behenyl acrylat v&i mét monomer
mach dai phan Ung cham la stearyl metacrylat, va mét
monomer mach rét ngan, phan dng nhanh la vinyl
axetat. Sy két hop nay tan dung dugc uu diém cla ca
ba loai monomer, déng thdi han ché nhugc diém cla
ching, vi thé tao ra mot loai polymer ¢ céc tinh chat
mong mudn. Anh SEM cutia polymer BKO1 dugc thé
hién nhu trong Hinh 2.
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Hinh 2: Gidn db GPC va SEM clia polymer BKO1

Anh SEM ctia BKO1 tai cac d6 phong dai khac nhau cho
thdy day la mét loai polyme cdu thanh bdi hat polymer
két tu thanh cac dém vo dinh hinh ¢é hinh dang tu do,
tuy nhién lai phan bé kha déng déu. Thanh phan
nguyén té& ctia BKO1 dugc xac dinh qua phé EDX, két
qué chi ra polymer BKO1 chi chifta C va O vdi cac ham
lugng tuong Ung la 80,54% va 19,46%. Phé FT-IR cla
polymer OP 01 dugc thé hién nhu trong Hinh 3.
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Hinh 3: Phé FT-IR clia polymer BKOT

Tu két qua phé FT-IR cho thdy BKO1 chifa cac nhém
chdc dac trung vdi dai dién la cac pic nhu sau: hai pic
dac trung cho dao déng hoda tri clla cac nhém CHs,
CH; tai s6 séng 2924,15 cm™" va 2854,01 cm™; pic dac
trung cho dao déng hda tri cia nhdm C=0 trong este
tai s6 séng 1734,72 cm™; pic dac trung cho dao déng
bién dang béat déi xiing ctia cac nhém CHs va CH; tai
s6 song 1466,58 cm™; pic dac trung cho dao déng héa
tri clla nhom C-O-C trong este tai s6 séng 1185,65 cm”
! pic dac trung cho dao déng bién dang clia nhém C-
H tai s6 séng 723,15 cm™. Tin hiéu ctia nhdm C-CH3
thdp, do viéc st dung hén hop stearyl metacrylat va
vinyl axetat d& han ché mat db cadc nhém nay trong
polyme san phdm [7, 8, 9].

Cac phé NMR-H va NMR-BC clia polymer BKO1 cling
dugc thé hién trong Hinh 4.
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Hinh 4: Phé NMR-"H, NMR-"C cuia polymer BKO1

Cac két qua thu dugc cho thédy cac chuyén vi héa hoc
dac trung cho cac nhém chidc —OCH; va —OCH- trong
este, cac nhém Cay-H, cac nhom metyl (CHs) trong
polymer, cdc nhém metylen clia mach polymer... Khi
phan tich s& cac nguyén t& H tuong duong vé mat héa
hoc d&i vai mdi loai nhém chuc, cé thé thay cac gia tri
nay da giam di va phan bé déu hon so vdi cac polymer
clia cac nghién clu trudc [4, 5, 8]. Diéu nay chiing to
mach polymer da& dugc da dang han khi c6 mat cla ca
3 loai polymer, va qua trinh trung hgp xay ra ding vdi
du dinh la két hop c& 3 monomer trong mot
copolymer cudi cung la BKO1. Phd NMR-BC cla
polyme BKO1 cling cho thdy su xudt hién cla cac pic
nhu trong cac polymer trudc day.

Nhu vy dua vao phd NMR, cé thé khang dinh dugc
thanh phan, cdu tao cac nguyén t6 C, H va kiéu lién két
gita C va H trong copolymer. Ngoai ra, cling chiing té
rang, polymer chita H, diéu ma & tin hiéu clia phé EDX
khéng thé hién do nguyén t6 H co khéi luong qué
nhd, khéng phéat hién dugc bang phuang phép nay.
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Gian do phan tich nhiét TG-DTD-DSC-DDSC dugc thé
hién trong Hinh 5.
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Hinh 5: Gidn d6 TG-DTD-DSC-DDSC cua polymer BKO1

Ngoai cac khodng mét khéi lugng théng thudng do su
ndng chay, kem phan hay va dét chay polymer tai cac
nhiét dé dinh tda nhiét 345,03°C, 417,15°C va 481,24°C.
Két hop ca 4 gidn do TG-DTD-DSC-DDSC, cé thé théy,
giai doan tU nhiét d6 dau dén khodng 225°C thuc ra
c6 mot hiéu Ung thu nhiét nhe va phan bé déng déu
trong khoang nhiét d6 dé, chinh la nhiét lugng can
thiét dé tach H.O hap thu trong khéi polymer ra khoi
né. Nhu vay co thé thay, nudc rat dé dang hap thu vao
cau trdc polymer, nhung cling rat dé dang tach ra khoi
polymer. Trong khodng nhiét dé nay, khong théy xuét
hién hiéu Ung nhiét dac trung cho giai doan tinh thé
héa polymer, chiing to day la loai vat liéu &n dinh khi
chuyén pha tlf 16ng sang ran. Polymer BKO1 c6 thé én
dinh nhiét dén 225°C ma khéng bi phan hay.

So sanh céac dac tinh hoa ly cho thdy BKO1 cé khai
lugng phan t&r khéi khéng qua cao cling khong qué
thdp, dé da phan tan thap trong khodng 1-2, khdng bi
tinh thé hoa khi chuyén pha tir 1ong sang ran, day
chinh la vat liéu cé nhiéu tiém ndng nhéat trong viéc
ché tao ra hdn hap phu gia (hé phu gia) ha diém déng
dac cho dau tho.

Xuét phat tir phan tich so sanh dé va dé c6 co s&
thuyét phuc hon vé tinh uu viét clia polymer BKO1,
ching téi da thi nghiém gia polymer BKO1 vao viéc
gidm nhiét d6 déng dac cla dau thé. Qua trinh dugc
thuc hién bang cach pha lodng cac polymer da téng
hop & trén bang dung méi Solven 100, véi ham lugng
polymer 40%, ham lugng phu gia nay st dung la 2000
ppm trong dau thdé Diamond, két quad dua ra trong
bang 1.

Bang 71: K&t qua ha nhiét d6 dong dac clia dau thé mod
Diamond khi st dung phu gia chifa polymer BKO1 dugc
pha lodng vd&i dung méi Solvent 100

Nhiét d6 déng

T Hé polymer va dung moi dic dbu th, °C

1 Khéng st dung phu gia 36
2 40% BKO1 + 60% Solvent 100 24

TU két qua cla Bang 1 c6 thé thdy, polymer BKO1 cho
hiéu quéd gidm nhiét doé dong dac tét (gidm tu 36°C
xuéng con 24°C). Tu két qua khdo sat budc dau nay
cho thay, san phdm polymer BKO1 cé kha nang lam
gidm nhiét d6 déng dac clia dau thd xuéng mic nhiét
d6 nudc bién. Day 1a co s& dé nhém nghién cltu thuc
hién cac budc khao sét cac yéu t6 anh hudng dén qué
trinh tng hop polymer, nham dua ra san pham cé
tinh chat uu viét hon cho qua trinh ché tao phu gia
gidm nhiét dé déng dac cho dau tho.

4. Két luan

D3 khao sat sa bo qua trinh t8ng hgp hé 03 monomer
la behenyl acrylat, stearyl metacrylat va vinyl axetat cho
két qua hé polymer tao thanh cé cac tinh chét uu viét
han so vdi viéc tng hop tir cac monomer don 1é.

Da thr nghiém pha ché polymer t6ng hop dugc vdi
dung méi dé sir dung lam phu gia giam nhiét d6 déng
ddc cho dau tho, két qua co thé giam nhiét do6 déng
dac clia dau thé tir 36°C xudng con 24°C.
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