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ABSTRACT

The metals Ni, V, Fe, Ca in crude oil usually present porphyrin-type compounds
as the metal chelates or organic salt and naphthenate-type compounds as
soaps. These metals affect severely to catalyst in RFCC unit. The report searched
and evaluated the effects of extraction to the metals Fe, Ni, V and Ca removing
from atmosphere residue at CDU of Dung Quat refinery by chelate citric acid/i-
so-propyl alcohol in solvent directly distillated gasoline. The chelate is not only
friendly to environment and but also easily solve in water and soluble ability in
oil. The chelate has pH = 6.5, with pH it is without corrosion to the equipment
and can apply in the industry. The results from ICP show that the removal Fe, Ni,
V and Ca being highly present with 100%, 86.5%, 99%, 69.7% respectively are
higher than the efficiency of extraction in water solvent to 31.7%, 35.9%, 52.4%,
50.7% respectively.

1.Téng quan

nay ngudi ta ap dung rat nhiéu phuong phép dé tang
kha nang kha thu hoi dau nhu xr ly bang axit, hdn hap

Nha may loc dau Dung Quét (Nha méy loc dau Binh
Son BSR) dudc xay dung vdi cau hinh phu hgp vdi
ngudn dau thd dugc khai thac tir moé Bach HE. Dau thd
Bach HS dudc goi la “dau ngot’, 1a mot trong nhiing
ngudn dau tho tét nhat thé gidi vi chia it chét luu
huynh, nguy cg & mon bén trong dudng 6ng/thiét bi
la rat thap [3]. Thé nhung, sau hon 30 nam khai thac
thuong mai, trit lugng cliia md Bach HS gidm manh,
mac du hién
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axit hay dung cac polyme.... [4]. Vi thé, néu khéng néng
cép, m& rong NMLD Dung Quét va khong di tim ngudn
nguyén liéu thay thé thi khéng khéc gi dua nha méy vao
"ngd cut”. DE cai thién diéu dé nha may cé dua vao phdi
tron thém mot s loai dau thd trong nudc khac nhu Té
giéc trang, Su tu den, RoNg,... va cac loai déu nudc
ngoai khac nhu Alzeri, Kimanis, Champion, ESPO,...[4],
viéc phdi trén gitip nha méy dat dugc
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thanh phan dau c6 ham lugng hydrocarbon gén
nhu déu Bach H&, cu thé la cu thé nam 2016, san
luong dau thd tr md Bach HE chi con chiém
khodng 58% nhu cau st dung cia NMLD Dung
Quaét. Trong 3-5 ndm tdi, BSR cé thé yén tam phat
trién &n dinh vai ngudn nguyén liéu dau vao nhu
hién nay [4]. Tuy nhién tinh chat vé kim loai lai la
moét khia canh khéc, nd cod nhiing tac dong xau
dén hé hda phdm xuc tac ciia nha may thi hoan
toan khac, dac biét la déi vai phan xudng RFCC,
nai thanh phan dau ndng c6 thudng dugc dac
trung bdi ham lugng kim loai va CCR cao, diéu nay
lam gidm déang ké tinh chéat clia xUc tac va lugng
san pham trong qué trinh ché bién. Cac kim loai
chtiyéu la Ni, V, Fe, Ca va Na trong dau tho ton tai
dudi dang muéi hitu cg clia porphyrin, naphthen

ate hodc hap chét vo co [1]. Cac mudi kim loai nay
tich tu trén bé mat xUc tac trong qué trinh cracking
gay pha v& cau truc tinh thé, che phu cac 16 x8p va
tam hoat tinh dan dén pha v& ciu tric tinh thé
hoac 1a che khudt céac 16 x8p, diéu nay thé hién
qua hydro va c6c cao trong khi cac san pham cé
gia tri nhu xang, nhién liéu phan luc, diesel lai giam
dang ké.[2]

Nguén dau thé Bach HE lam nguyén liéu cho méy
co ty lé can bun ludn & muc cao. Bac biét trong
thanh phan can bun co chira ham lugng kim loai
kha cao nhu Fe 3000 - 3700ppm, Ca 600 —
700ppm, cac kim loai nay dé gay ngé doé cho xuc
tac, tang kha nang lang dong céc tai FCC va co thé
hinh thanh cac hop chat gay an mon dudng éng
va thiét bi [1].
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Hinh 1. C4u tric cta porphyrin vai cac kim loai chuyén tiép [1,5].

Cac nghién clu cling cho thdy rang, cac kim loai Fe, Ni,
V va Ca thudng két hgp vdi axit naphthanic dudi dang
mudi hoac dang hgp chat ca kim dudi dang porphyrin
[2]. Su tich tu cac kim loai chuyén tiép trén cac hat xtc
tac co khad nang thuc dédy cac phan Ung dehydro hoa
trong qua trinh cracking. V va Ni tich tu trén cac hat xtc
tac co thé lam thay déi cdu trdc xdc tac. Trong khi do,
Fe gay anh hudng dén chu trinh xic tac, Fe nhanh
chéng 1dng dong trén cac hat xuc tac, dan tdi ngan can
qua trinh chuyén hoa hydrocacbon nang vao trong xdc
tac. Cac khao sat trén xuc tac can bang thuc té bj tich tu
Fe vai ham lugng khéac nhau cla Seiji Arakawa va céc
cobng su cho théy Fe sat tich tu trén bé mat tao thanh
cac nét san va lam gidm ty trong ABD cula xUc tac.
Nhom tac gia cling giai thich viéc giam ABD lién quan

dén viéc tang tu tinh cla cac hat xUc tac khi ham lugng
sat oxit Fe304 trén xUc tac tang, dong thai cho thay
viéc mai mon bé mat dé loai Fe tich tu trén bé mat gidp
phu hoi hoat tinh xtc tac [1]. Qua do, Fe dugc cho la
tich ty trén bé mat va lam bit cac 16 x8p, lam gidm qua
trinh khuéch tan cla nguyén liéu dén céc tam zeolit va
gidm hiéu quéa clia qué trinh cracking.

Comma va cac cong su cling tién hanh nghién cu anh
hudng cla Fe va Ca lén hé xuc tac FCC, nhdm tac gid
da duc két dugc mot sé két luan sau: ham lugng Fe cao
6 thé dan dén phéa hay hé théng 16 x8p clia xUc tac, Fe
thic ddy qua phan Ung dehydro héa va tang do chon
loc céc, trong khi Ca lam gidm dé bé thdy nhiét cla xtc
tac.

TU nhitng van dé trén, da cé mét s6 nghién cliu
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dé tach loai kim loai ra khdi nguyén liéu dé tranh nhiing
tdc dong xdu dén hé xuc tac cling nhu qua trinh ché
bién va tinh ché cac san phdm. Penny K Eidem va céc
cdng su da st dung dung dich H3PO4 dé chiét kim loai
trong 2h & nhiét do 2600C. Nghién cltu clia S.G.Kukes
va cac cong su cling cho thay kha nang tach hiéu qua
V tf can nhung kém hiéu qua déi Ni [6]. Welter va cac
codng sy da st dung séng dién tir dé tach kim loai nang
[13]. Hui Shang cling st dung séng ngén dé tach kim
loai V va Ni ra khoi déu [7]. Tap doan Chevron
Reaseacher dung tac nhan c6 kha ndng tao phuic da
chiic nang da thanh phén nhu EDTA, diethylenetri-
amine, axitpentaacetic, axit N-(hydroxyethyl) ethylene-
diamido triacetic va cac mudi clia ching dé chiét cac
kim loai nang tUf phan can dau chung cét chan khong &
pH = 4,5 két qua thu dugc tach Ca, Fe, Niva V lan lugt
1a 99%, 35%, 4% va 3% [8]. Trong nudc, PGS.TS Tran Thi
Nhu Mai va cac cong sy da nghién cru kha nang tach
loai kim loai bang dung dich c6 nhém hydroxyl nhu axit
oxalic, axit citric,... két qua cho thdy viéc chiét bang cac
dung dich rét khd quan. [2]

Nam 2014, nha cung cép hoda chat Nalco da ap dung
phudng phép tach nhu nhau, ho dua chat phd nhi
EC2472C, sau dé su dung EC2600A dé loai bd ran, tuy
nhién kha nang clia hda pham nay khong hiéu qua, vi
vay Nalco d& chuyén qua st dung EC9239A day la mot
dang polyme mach dai dé loai bo kim loai theo co ché
keo tu cac hat rén Io Iing va 1dng xubng déy bang
trong Iuc, tuy hda phdm tach kim loai kha tét nhung nd
da dé lai van dé I6n la kha nang dong can Ién khi di
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qua hé théng van diéu khién (do su tén thét ap dot
ngdt), nha cung cép chuyén sang su dung N8186 day 1a
mot dang oligome véi mach ngén han so vai EC9239A,
tuy né giam kha nang bi déng can tai van diéu khién
nhung kha nang loai bo kim loai khéng cao dac biét la
khi ham lugng kim loai trong dau cao va nhiing dau co
tinh chat xdu [15]. Hién nay, nha méay da chuyén sang
mot loai hda chat phd nhi khac dé két hop vdi
EC9239A 1a Chimec 2448P tr cong ty hda chat Chimec,
nhung van khong cai thién dugc kha nang chéng déng
can & cac thiét bj, diéu nay la mét méi nguy tiém an déi
vai nha may.

Trén cd s& do, nhom tac gia lya chon phuong phap loai
bo kim loai Fe, Ca, Ni, Ca bang céch st dung cac dung
dich tao phuc trén cg s& axit hydroxyl va diaxit trong
can dau, nhiing héa phadm Iua chon than thién véi moéi
trudng nham tranh ngd dée thir cp khi chiét kim loai vi
no di ra theo dudng nudc thai tai hé thdng thiét bj tach
mudi khi chiét cac kim loai [1, 9]. B3i vi, cac chelat la hap
chét hitu co da chic tuong hgp véi ddu nhung lai tan
tot trong nudc, c6 khad nang hoat dong bé mat dang
anion va dang khéng ion nén cé thé dua hé héa pham
chelate vao ngay tU giai doan kh&r nudc mudi trong
thiét bi desalter dé giam ham luong kim loai. Nghién
cltu thuc hién chiét kim loai bang dung dich c6 nhém
hydroxyl va carboxylic axitacitric C(COOH) COOH la
mot hidroxyaxit, trong phan t&r chia mét nhdm hidroxy
va ba nhém axit va dung dich chat hoat dong bé mat
iso propy! alcohol.

OH
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b

Hinh 2. C4u tric phan tir clia cac chat trong hé dung mai (a) axit citric (b) isopropyl ancohol
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2. Thuc nghiém

2.1. Chuan bi dung dich chiét va mau dau

-Nguyén liéu can dau sau chung cat chan khéng cla
nha may loc dau Dung Quaét, chinh la nguyén liéu cho
phan xudng FCC 015-SC5A-401 1dy ngay 18/12/2017.
-Dung dich axit citric monohydrate (8,2.10-5M) san xuét
tai Merk.

-Dung dich isopropyl ancol.

-Xang chung cét.

2.2. Quy trinh thuc hién tach loai kim loai bang
phuaong phap chiét

Can 02 mau dau, mdi mau can dau can chinh xac
khoang 10g cho vao binh dau khoang 50ml, sau do
thém 2ml dung dich axit citric pha trong dung moi
isopropyl ancol cing vé&i 5ml xang chung cét hoac nudc
cat hai 1an, 1&p sinh han hoi luu. Hon hop dugc khudy
bang con khudy tr trong khoadng 2 tiéng vdi téc do
khoang 400 vong/phut. Sau khi hoan tat budc nay, loc
gan bd phan dung dich, sau dé hdn hop dugc loc ria
nhanh bang nudc cat hai lan dé tranh hién tuong kim
loai hdp thu ngugc trd lai vao can dau, thuc hién ba lan
sau dé lam khé bang silicagen, sau d6 dem can dau di
do bang phucng phéap ICP

2.3. Quy trinh chiét tach kim loai

0=

O +3A —>

OH HO

HO OH

Quy trinh dudi day dugc thuc hién vai dung dich chiét
la nudc cat hai lan. Cac hydroxyl axit la mét nhom cac
chat héa hoc ma trong nd cé chiia mét sé goc cachbox-
ylic di kem v&i mét s6 géc hydroxyl. Béy la nhitng hgp
chét cé thé dong vai trd nhu cac hap chat hoat dong bé
mat khong ion va cac chat hoat déng bé mat anion. Do
cac nhom hydroxyl va cacboxylic van con cac cap dién
tir chua tham gia lién két. Cac cap dién ti nay cé kha
nang tao chelate vai Ni, Fe, V va Ca. Axit citric c6 ba
nhém axit cacboxylic va mét nhém hydroxyl, nén co kha
nang tao phuc vdi cac kim loai néng nhu Fe, Ca, V va
Ni.

Céc kim loai Fe, Ni, V va Ca tich tu trén bé mat xUc tac
lam thay ddi tich chat hoat déng xUc tac trong qué trinh
Cracking dan dén xc tac bi gidam hoat tinh va do chon
loc kém. Mé&t khéac néu khong xU If, cac kim loai nang
trong can dau con la méi nguy hai 16n déi véi moi
trudng néu chuing dugc mang di chdn 1dp ma khong
qua xtr 11 1, 2, 10,11].

Chiét cac kim loai ra khéi can dau chung cat chan
khong dugc nhiéu tac gid quan tam. Trong nghién ciu
nay xU dung axit citric trong dung moi iso-propyl
alcohol chiét bang nudc va bang xang da qua chung
cat dé€ danh gia két qua tach kim loai ra khoi can dau
chung cat chan khéng. Phan Uing clia axit citric vai kim
loai dugc thé hién nhu bén dudi.

7\

HO

Hinh 3. Phan (ng cua axit citric vdi cac kim loai chuyén tiép

Axit citric co ba nhom cacboxyl va mdt nhom hydroxyl.
Axit citric |a m6t axit tu nhién ma cé thé tao thanh khu
phic hdp multidentate nhu hinh trén, hoa tan vdi cac
kim loai khac nhau, va né da cho tach loai cac kim loai

nang ra khai can dau.

Ngoai ra, axit citric la axit httu coyéuvdi pKal=3,15;
pKa2=4,77; pKa3=6,40. N6 co thé loai bo cac kim loai
gay 6 nhiém nhu Ni, Fe, Ca [12].
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Hinh 4. S do chiét kim loai bang hé héa pham trong dung mai

3. Két qua va thao luan.

3.1. Banh gia kha nang chiét cac kim loai ra khoi can
dau bang dung dich axit citric/isopropyl! alcohol va
nudgc cat hai lan.

TU bang trén ta thdy kha ndng tach loai cta hé dich
chiét déi vai V va Ca la cao nhét lan luct la 50,7% va
52,4%, va kha nang tach ddi vai Fe va Ni thap hon lan
lugt 1a 31,7% va 35,9%.

3.2. Danh gia kha nang chiét cac kim loai ra khdi can
dau bang dung dich axit citric/isopropyl alcohol va
xang chung cat.

TU bang trén ta thdy kha nang tach chiét hiéu qua cua
hé dich chiét la dang ké véi 100% lugng sat dugc chiét
ra, ti€p dé la V va Ni lan luct la 99,2% va 86,5%, cudi
cung la Ca chi vai 69,8%.

Thanh phan Fe (ppm)
Mau cin dau ban dau 426
Chiét v&i nudc cét hai [an 2.91
% xut ly 317

3.3. So sanh kha nadng tach gilta hé dich chiét trong
hai dung moi nudc cat va xang chung cat.

Thanh phan clia kim loai trong mau chiét bang nudc
cét khi str axit citric lam tac nhéan chelate va bang xang
chung cét théy rang:

Két qua cho thdy hé dich chiét nay cho hiéu qua chiét
cao han khi chiét bang dung dich axit citric pha trong
nudc cat hai lan. Hé dich chiét dung dich axit citric/iso
propyl alcohol pha trong xang chung cét cho hiéu qua
chiét Fe, Ni, Ca va V rét cao. Két qua tu ICP chira su loai
bo Fe, Ni, V va Ca lan luct 14 100%, 86.5%, 99.2%, 69.8%
cao hon rét nhiéu khi so sénh vai két qua chiét trong
dung méi nudc ham lugng Fe, Ni, Ca va V dugc chiét ra
la 31.7%, 35.9%, 52.4%, 50,7%.

Ni (ppm) V (ppm) Ca (ppm)
912 0.475 27.05
5.85 0.234 12.87
35.9 50.7 52.4

Bang 1. Thanh phan kim loai con lai trong can dau sau khi dugc tach bang axit citric pha trong dung mai
iso-propyl alcohol va nudc céat hai lan
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Thanh phan Fe (ppm)
Mau cin dau ban dau 426
Chiét vd&i xang chung cét 0

% XUt ly 100

Ni (ppm) V (ppm) Ca (ppm)
9.12 0.475 27.05
1234 0.004 8.182
86.5 99.2 69.8

Bang 2. Thanh phan kim loai con lai trong can dau sau khi dugc tach bang axit citric pha trong dung mai
iso-propyl alcohol va nudc cét hai lan

Thanh phan Fe (ppm)
Chiét véi nudc cét hai lan 135
Chiét véi xang chung cat 4.26
Tang han 2.91

Ni (ppm) V (ppm) Ca (ppm)
3.27 0.173 14.2
7.89 0473 18.67
4.62 0.298 4.69

Bang 3. So sénh ham lugng Fe, Ni, Ca va V dugc tach ra cla hé dich chiét dung dich acid citric pha trong
nudc cét hai lan va xdng chung cét

Két qua cho thdy thanh phan clia kim loai trong méau
chiét bang xang da qua chung cét khi st axit citric lam
tac nhan chelate cao han nudc cét hai lan ra khoi can
dau chung cét chan khéng. Do dung xang chung cét sé
chung chuyén hoa tan dung méi iso- propyl alcohol
vUa hoa tan acid citric nhung déng thdi hoa tan ca can
déu tao hdn hap dong nhat nén tinh tuong tach gitta
cac chat manh con déi vdi dich chiét la nudc cat khong

thé hoa tan dugc dau do dé tinh tuong téc sé kém hon.

Tinh phén cuc tdng dén nhu sau:

Can dau < Xang < iso propanol < axit citric < nudc
N6 da gép phan vao viéc trung chuyén dung moi vao
sau trong can dau, nén dem lai hiéu qua cho viéc tach
chiét kim loai.

Ngoai ra trong nghién clu nay, ching t6i da pha axit
citric/iso-propanol: xang chung cét = 2:5. Khado sét cho
thdy khi s&r dung hé dung dich chiét vdi ty |é axit citric/
iso-propanol: xang = 1:3 thi cho két qua pH = 6.15. Va
khi ty 1& trén 13 1:5 thi cho két qua pH=6.5

Nhu vay viéc stf dung hé dung moi nay mang lai dugc
hiéu qua chiét kim loai trong can déau sau chan khéng
va giai quyét dugc bai toan vé do pH vdi cac thiét bi
trong phan xudng clia qué trinh tach chiét kim loai.

4. Két luan

-Da nghién cltu t6ng quan va danh gia su c6 mat cla
kim loai Fe, Ni, V va Ca trong cdn dau sau chung cét

chan khong va anh hudng cla ching dén hiéu qua
hoat déng clia qua trinh cracking. Téng quan vé cac hé
chelate chtra hydroaxit, axit cacboxynic, va & cac giai
doan desalter, & giai doan can sau chung cét chan
khong.

-ba nghién cu va déanh gia hiéu qua chiét cac kim loai
Fe, Ni, V va Ca khoi can dau sau chung cét chan khong
cla nha may loc dau Dung Quat RFCC FEED 15
SC5A-401 bang hé dung dich axit citric/iso propyl
alcohol pha trong xdng chung cét truc tiép va nudc cat
hai lan. Hé chiét than thién véi moi trudng, dé tan trong
nudc va co kha nang tan trong dau.

-Hé dich chiét dung dich axit citric/iso propy! alcohol
pha trong x&ng chung c&t c6 pH= 6.5, v&i pH nay
khong gay an mon hé thiét bi va ¢ kha nang ting dung
cong nghiép. Két qua tur ICP cho théy su loai bo Fe, Ni,
V va Ca réat cao Ian luct la 100%, 86,5%, 99%, 69,7% cao
han rét nhiéu khi so sanh vdi két qua chiét trong dung
moi nudc ham lugng Fe, Ni, Ca va V dudc chiét ra la
31.7%, 35.9%, 52.4%, 50.7%.
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