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Tom tat

Anh hudng ciia kim loai Fe, Ca, Na, Ni va V trong ddu thé dén tinh chdt va hoat tinh ciia xiic tdc FCC duoc nghién ciu béing thuc
nghiém. Cdc mdu xiic tdc mgi du'oc tién hanh giam hoat tinh theo phuang phdp cdy kim logi tudn hoan (CMD) véi thanh phdn tap chdt
kim logi trong ddu thé khdc nhau. Xiic tdc duoc ddc trung bdng cdc phuong phdp nhu hdp phu N, XRD, SEM, TPD-NH _ va duoc ddnh
gid hoat tinh bang thiét bj SCT-MAT. Viéc sit dung cdc tién chdt kim logi Fe va Ca khdc nhau (sdt clorua so véi sit naphthenate, calcium
nitrate so vdi calcium naphthenate) dé cdy lén xiic tdc khéng dnh huéng nhiéu dén hiéu qud hoat déng ciia xiic tdc FCC. Fe lam ting
lwong khi khé tao thanh va giém hiéu qud cracking trong khi Ca dnh huéng khéng nhiéu dén tinh chdt va hoat tinh xiic tdc. Tuong tdc
giita cdc kim logi Fe - Ca phd hdy cdu triic zeolite nghiém trong hon cdc tdc dong riéng Ié cia Fe hodic Ca va lam gidm hoat tinh MAT. Su
xudt hién ciia Na ciing phd hidy manh cdu triic zeolite va lam gidm hiéu qud cia xiic tdc. Két qud cho thdy Fe va Ca cé xu hu'éng tich tu
trén bé mdt xiic tdc. Nhu vdy, viéc gid Idp xiic tdc cdn bdng khi ham lugng Fe, Ca cao trong ddu thé duoc thuc hién tét hon bdng phuong
phdp CMD. Nhém tdc gid ciing dé xudt mét sé gidi phdp nhdm duy tri dé én dinh ctia phdn xuéng FCC.

Tirkhéa: Fe, tap chdt kim logi, ddu thd, FCC, cdy tudn hoan kim logi (CMD).

1. Giéi thiéu

D4au nang thudng dac trung bdi cac tinh chat nhu
ham lugng kim loai va CCR cao lam giam hiéu qua cla
qua trinh ché bién. Cac kim loai, chti yéu la V, Ni, Fe, Ca va
Na trong dau tho tén tai dudi dang cac muéi hiiu co cla
porphyrin, naphthenate hodc hop chat vé co. Cac muéi
kim loai nay tich tu trén bé mat xuc tac trong qua trinh
cracking gay pha v& cdu trdc tinh thé, che phi cac 16 x6p
va tdm hoat ddng dan dén gidam hoat tinh clia xdc tac, thé
hién cht yéu qua hiéu suat cta khi hydro va céc cao trong
khi cac sdn pham I6ng lai gidm, lam gidm hiéu qué hoat
dong clia nha may [2 - 10].

Theo bao cdo, nguén dau thé Bach HE lam nguyén
liéu cho Nha mdy Loc dau Dung Quat c6 ty & cédn bun
(sludge) & muc cao. Dic biét, trong thanh phan can bun
nay cé chia ham lugng kim loai Fe va Ca kha cao (Fe:
3.000 - 3.700ppm; Ca: 600 - 700ppm). Cac kim loai nay
anh hudng rat I6n dén hiéu qua hoat déng ctia Nha may
Loc dau Dung Quat, lam gidm hiéu qua ctia bd phan tach
mudi nudc, dé gay ngd doc xuc tac, tang lang dong coc tai
phan xudng FCC va hinh thanh cac hop chat gay dn mon
thiét bi va dudng 6ng.

Trong bao cao clia JGC C&C, ham lugng Fe trén xuc
tac can bang clia mot s6 nha may loc dau cé thé vuot

muc 10.000ppm (Bang 1). So sanh tuong quan véi cac
nha may loc dau khac trén thé gidi thi ham lugng Fe trén
xUc tac can bang (E-cat) ctia Nha may Loc dau Dung Quat
& muc trung binh, tuy nhién, gia tri nay con phu thudc
vao ty lé xuc tac b6 sung hang ngay. Tai cdc nha may loc
dau Neustadt va Vohburg (Buc) ciing ghi nhan su tang
nhanh ctia ham lugng Fe, Ca trén E-cat dan dén su suy
gidm kha ndng hoat ddng ctia phan xuéng FCC. Cu thé,
khi ham lugng Ca tang vot ti 0,15 - 0,27% khéi lugng va
ham lugng Fe dat 0,66% khéi lugng thi dé chuyén hoa
MAT (xac dinh trén thiét bi ACE-MAT) giam khoang 7 don
vi [11]. Mét nha may loc dau khéac & Uc cling bi anh huéng
xau bdi su tang cao ham lugng Fe trén E-cat (tang tur 0,43
- 0,77% khai lugng). G trudng hop nay, khéi lugng riéng
trung binh d6 déng cda xuc tac dugc bao cdo giam trong
khi ty 1& sdn phdm ndng ting nhanh dén gia tri giGi han
céng suat ctia dong slurry. Lugng xuc tdc mdi b sung
phai tang dén gap 2 lan so vai trudc khi cé su tang cla
ham lugng Fe. Tuy nhién, d& chuyén héa trong két qua
phan tich MAT cling giam dén 7 don vi [12]. Nhu vay, cac
anh huéng clia kim loai ndng néi chung va Fe, Ca, Na noi
riéng dén hoat dong clia phan xuéng FCC ciing nhu toan
bé nha may loc dau da dugc ghi nhan khéng chi & Nha
may Loc dau Dung Quéat ma con & kha nhiéu noi trén thé
gidi. Do d¢, viéc nghién clu tdc ddng clla dong nguyén
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liéu c6 ham lugng Fe, Ca, Na cao dén hoat tinh ctia xtc
tac co vai tro rat quan trong, nham dua ra mudc dé khuyén
cdo vé ham lugng kim loai trén xuc tac can bang hay cac
gidi phap kha thi dé han ché dén muc thap nhat nhiing
tac dong tiéu cuc co thé xay ra.

Cac khao sat trén xic tac can bang thuc té bi tich tu Fe
véi cdc ham lugng khac nhau cua Seiji Arakawa va cong su
[13] cho thay Fe tich tu trén bé mat tao thanh cac nét san
va lam gidm ty trong ABD ctia xuc tdc. Nhém téc gid cling
gidi thich viéc giam ABD lién quan dén viéc tang tu tinh
cUa cac hat xtc tac khi ham lugng sat oxide (Fe,0,) trén xuc
tac tang, dodng thai cho thdy viéc mai mon bé mat dé loai
Fe tich tu trén bé mat giip phuc hoi hoat tinh clia xuc tac.
Qua d06, Fe dugc cho la tich tu trén bé mat va lam bit cac 16
x6p, lam gidam qua trinh khuéch tan ctia nguyén liéu dén
cac tam zeolite va giam hiéu qua clia qua trinh cracking.

Tuy nhién, hién nay trén thé gisi van chua c6 nhiéu
nghién ctiu vé anh hudng cda Fe, Ca Ién xuc tac trong quy
md phong thi nghiém do cac phuong phap giam hoat
tinh xuc tac nhu Mitchell, CPS chi dugc t6i uu cho cac kim
loai Ni va V [13 - 16]. Theo phuong phap CPS va Mitchell
thi xdc tac dugc gidam hoat tinh & diéu kién tang c6 dinh
va mét lugng kim loai dugc tdm ngay ti ban dau. Sau d6
cac qua trinh xt ly thay nhiét méi dugce thuc hién. Diéu
nay dan dén cac kim loai Fe va Ca khong dugc tich tu &
bé mét xuc tac va khong gia lap dugc diéu kién thuc té
[14, 15].

Vi vay, anh huéng clia Fe, Ca thudng chi dugc quan
s&t truc tiép trén xuc tac can béng thuc té thu dugc. Anh
huédng ctia ham lugng Fe, Ca hay tuong tac gilta cac kim
loai nay khé c6 thé lam ré.

Corma va cong su da tién hanh nghién cru anh hudng
riéng |é cua Fe, Ca va tac dong tuong ho cla Fe - Ca dén
hoat tinh cta xuc tadc FCC [17]. Nhdm nghién ctiu nay su
dung xuc tac can bang lam ddi tugng co sd, sau do6 cac
ham lugng Fe, Ca dugc tiép tuc cdy Ién xuc tac can bang

nay. Ti d6 nhom tac gia da rdat ra mot sé anh hudng cua
Fe va Ca nhu sau:

- Viéc cdy thém Fe ham lugng cao c6 thé dan dén
pha hly hé théng 16 x8p cua xuc tac;

- Fe xuc tac cho qua trinh dé hydro héa va lam tang
dd chon loc cé¢;

- Calam giam d6 bén thay nhiét cta xdc tac;
- Khéng cé tdc dong tuong ho gilia Fe va Ca.

Tuy nhién, nghién ctiu nay cé 2 han ché: Thi nhat la
viéc khao sat cdy thém Fe hodc/va Ca khong dugc thuc
hién trén xuic tac mdi (F-cat) ma chi thuc hién trén E-cat
gay khé khan trong viéc xac dinh dnh hudng cua Fe, Ca
riéng lé hay tuang hé dén tinh chat clia xdc tac, do trén
xuc tac E-cat da co6 sdn mot lugng Fe va Ca tich tu trong
qua trinh hoat dong thuc t€. Thit hai la viéc cay thém kim
loai tap nhu Fe, Ca chi dugc thuc hién trén thiét bi xtc
tac tang cd dinh, c6 nhiéu khac biét so véi qua trinh tich
tu kim loai trong diéu kién hoat déng thuc t€ & tang soi
clia nha may. Viéc cay kim loai 1én xudc tac FCC can phai
dugc thuc hién gan véi thuc t& nhat c6 thé, cu thé 13 &
diéu kién tang séi véi day da cac qua trinh nhu van hanh
thuc té [16].

Nam 2015, Vién Dau khi Viét Nam da nghién ctu phat
trién phuong phap gidm hoat tinh xuc tac FCC theo quy
trinh cdy kim loai tuan hoan (CMD) véi cac théng sé dugc
t6i uu cho viéc gia lap xdc tac can bang ctia Nha may Loc
dau Dung Quat [14]. Uu diém cla quy trinh nay lién quan
dén viéc st dung chinh nguyén liéu cia Nha may Loc dau
Dung Quat cho qua trinh gia lap. Cac kim loai tap nhu Fe,
Ca, Na, V, Ni déu dugc tinh dén va dua vao qua trinh gia
lap. Qua trinh gia lap cing c6 day da cac giai doan phan
Ung, stripping, hoat hoa (d6t c6¢)... vai hé phan tng tang
s6i tuong tu nhu hoat dong thuc té. Dua vao két qua phan
tich ham lugng cac tap chat kim loai va dac trung hoéa ly
trén E-cat va F-cat... cac théng s6 clia qua trinh CMD dugc

Bding 1. Ham lrgng Fe trén xiic tdc cdn bang ciia mét s6 nha mdy loc dau

Nha may loc dau Cong nghé Nguyén liéu

Dung Quat Axens Can
1 uop VGO + Cén
2 Axens Can
3 Axens Can
4 uopP VGO + Cén
5 Shell Cén
6 Shell Can
7 Shell Can
8 Kellogg/Mobil VGO + Can
9 S&W Cén

Xuc tac Fe trén xtc tac E-cat (ppm)
Grace 8.500
KAI/HQC 12.700
ACZ 8.600
cvz 7.200
cvz 9.100
DCT 8.900
vz 7.800
cvz 17.700
cvz 9.700
STW 11.000
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thiét lap. Trong d6, 2 théng s6 quan trong c6 lién quan dén
hoat ddng trong thiét b thuc té (nhu ty lé xuc tac bé sung
hang ngay) la ham lugng kim loai cdy thém vao nguyén
liéu FCC va s6 vong phan ting (number of cycles). S6 vong
phan ting cling dnh hudng truc ti€p dén muc do gidm hoat
tinh do qué trinh phan ding thay nhiét. S6 vong phan tng
thudng phai dugc nghién ctiu va t6i uu cho mdi nha may
loc dau riéng biét. Vi du d6i véi phan xudng FCC tai Nha
may Loc dau Dung Quat thi s6 vong tuan hoan phu hop
nam trong khoang 25 - 35 vong (theo kinh nghiém cua
JGC C&C). K&t qua clia qua trinh gia 1ap xuc tac can bang
ctia Nha may Loc dau Dung Quét thé hién trong Hinh 1 va
2.C6 thé thdy phuong phap CMD gia 1ap rat tét xUc tac can
bang ca vé do chuyén héa cling nhu vé co ciu san pham &
cac ty lé xdc tac/dau (C/0) khac nhau.

Trén cg s& phuong phap CMD da dugc xay dung,
nhém tac gia tap trung danh gia anh hudng cta cac kim
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loai Fe, Ca, Ni va V trong dau tho dén tinh chat va hiéu
qua cla xuc tac FCC; anh hudng cha tung kim loai (nhu Fe,
Ca...) va dnh huéng cua tuong tac gilta cac kim loai.

2. Thuc nghiém

2.1. Phu'ong phdp dua kim loai lén xtic tdc

Cac kim loai Fe, Ca, Na, V va Ni dugc dua lén xuc tac
théng qua qua trinh gidm hoat tinh xuc tac bang phuong
phap cdy kim loai tuan hoan. Phuong phap nay mé phéng
qua trinh kim loai tich tu dan dan trén bé mat xuc tac
théng qua cac phan tng cracking dau VGO chura kim loai,
qua trinh tai sinh, d6t c6c bang khéng khiva hoi nuéc [14].
Qua trinh nay bao gébm khoang 25 - 35 vong tuan hoan,
mai vong tuan hoan gém 4 budc: phan ting — gia nhiét —
tai sinh — lam ngudi. Xdc tac sau giam hoat tinh dugc goi
la xtic tac gid 1ap can bang.

Xuc tdc mdi, cung cdp bdi Grace Davison, dugc s
dung dé khao sat anh hudng ctia cac kim loai. Xuc tac ban
dau dugc xur ly nhiét tai nhiét d6 650°C trong 2 gid va dem
nap vao |6 phan tng. Mudi kim loai (nickel octoate 10%
khéi lugng, vanadium naphthenate 3% khoi lugng, sat
naphthenate 12% khéi lugng, calcium naphthenate 4%
khéi lugng) dugc hoa tan vao trong dau VGO (370 - 540°C)
vai ham lugng mong muén va tién hanh giam hoat tinh.
Na dugc dua vao qua trinh phan Ung ti pha nudc théng
qua mot bom Iédng cao ap.

Diéu kién va quy trinh gidm hoat tinh xuc tac dugc
tém tat nhu sau:

« Gia nhiét 6n dinh hé théng: gia nhiét thiét bi phan
g dén 450°C chuan bj cho qua trinh phan (ng. Dung
dong N, d€ tao tdng séi trong thiét bi phan ng;

« Khi thiét bi phan (ng dat 450°C bom hén hop
nguyén liéu dau VGO chita mudi kim loai vao thiét bi phan
ng. Bong thai dua hoi nudc, N, vao Iép xic tac trong
vong 6 phut & nhiét do 450°C;

« Gia nhiét sau phan Ung: gia nhiét I&p xuc tac tr 450
-790°C. Trong 3 phut dau théi N, hoi nudc sau d6 chuyén
sang dung khoéng khi, hoi nuéc. Téng thai gian gia nhiét
5 phut;

« Tai sinh xuc tac: khi nhiét d6 dat 790°C, théi khéng
khi, hoi nudc dé loai bé cAc tai sinh xuc tac. Ham lugng hoi
nuéc 65%;

« Lam nguéi hé théng: giai doan nay 1o tu ma theo
chu trinh. C6 dong N, Iam nguéi cudng buic. Thgi gian lam
ngudi 5 phat.

Két thac qua trinh thu sdn pham sau khi gidm hoat
tinh, xac dinh lugng xuc tac thu hoi dugc. Sau do, ray lay
¢d hat xic tac tu 40 - 125um, phan tich xac dinh ham
lugng céc trong xuc tac bang thiét bi do ham lugng coc va
bao quan, luu xuc tac theo quy dinh.

2.2. Phuong phdp phén tich tinh chét héa Iy xuc tdc

Cac tinh chat héa ly clia xic tac dugc phan tich
béng cdc phuong phap hdp phu N, (TRISTAR 3020
Micromeritics), nhiéu xa tia X (Bruker D8 Advance), huynh
quang tia X (54 Pioneer), ty trong biéu kién, hap phu - giai
hap NH, (AMI-Altamira 902) tai Trung tam Nghién c(iu va
Phat trién Ché bién Dau khi, Vién Dau khi Viét Nam.

2.3. Ddnh gid hoat tinh cta xtic tdc

Xuc tac gid lap can bang dugc danh gia hoat tinh
va do chon loc trén thiét bi danh gia hoat tinh SCT-MAT
(Short Contact Time Micro Activity Test) trén cung 1 loai
nguyén liéu chudn VGO theo tiéu chudn ASTM D5154-
10 [18]. Phan (ng cracking dugc thuc hién trén hé théng
phan ng cracking véi tang xuc tac ¢é dinh trong dé xuc
tac (khéi lugng tir 1,5 - 7,5g) dugc tiép xuc vai nguyén liéu
(c6 dinh khéi lugng 1,75g) trong khoang thai gian ~ 12
gidy & nhiét dé 560°C. San phadm clia qua trinh cracking
dugc phan tich trén cac thiét bi sac ky khi phan tich khi
dau mo (Refinery Gas Analysis, RGA), sac ky khi chung
cat mo phong (Simulated Distillation GC SIMDIS), sac ky
khi phan tich chi tiét hydrocarbon (Detail Hydrocarbon
Analysis, GC-DHA). Thanh phan c8c trén xic tac dugc xac
dinh bang phuong phap dét céc va do ham lugng CO, CO,
tao thanh bang hong ngoai. D6 chuyén hoda cla xuc tac
dugc tinh theo cong thuc (1):

Do chuyén hda = % khai lugng khi + % khdi lugng
xang + % khai lugng c6c = 100% - % khéi lugng LCO - %
khéi lugng HCO (1)

3. Két qua va thao luan

3.1. Anh huéng cia dang tién chdt kim loai Fe, Ca (vé co,
hitu co) dén tinh chdt va hoat tinh xuc tdc

Zhu Yuxia va cac cong su [19] da khao sat anh hudng
cla dang tap chat cta Fe (v co, sét clorua, hay hiiu cg, sat
naphthenate). K&t qua cho thdy chi c6 tién chat hiu co
anh hudng xau dén tinh chét va hoat tinh cdia xtc tac. Anh
hudng cla viéc cdy sat vo g lén xic tac gan nhu khong
dang ké. Cu thé, khi sit hitu co dugc st dung, ca d6 tinh
thé, dién tich bé mat va thé tich 16 x6p cla xuc tac déu
gidm manbh. Vi vay, hoat tinh cling suy giam theo hudng
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gidm dd chuyén héa, gidm hiéu suat xang. Tuy nhién,
trong nghién ctiu nay nhém téac gia chi si dung phuong
phap Mitchell dé dua tap chat Fe Ién xuc tac FCC méi. Nhu
da mo ta trong cac tai liéu [13 - 16], phuong phap Mitchell
¢6 nhugc diém trong viéc gid 1ap anh hudng cla Fe do
viéc tich tu kim loai khong phai trén bé mat xuc tac nhu
quan sat dugc trén E-cat thuc té.

Tinh chat cia mau xudc tdc giam hoat tinh khéng
c6 kim loai (mau trang) dugc so sanh véi cac mau giam
hoat tinh c6 su hién dién cta kim loai Fe va Ca & cac dang
tién chat khac nhau nhu tién chat vo co (mudi sat clorua,
calcium nitrate) va hiu co (mudi naphthenate) bang
phuong phap CMD.

Cac két qua khao sat trén cac tinh chat hoa ly va hoat
tinh cracking cho thdy viéc cdy kim loai tur nhiing tién
chat khac nhau (v6 co hodc hitu ca) khéng c6 khac biét
rd rét dén tinh chat va hoat tinh xuc tac thu dugc. C6 thé
thay viéc sir dung tién chat ti mudi vo ca (nitrate hodc
clorua) hay g6c hiiu co (naphthenate) déu trai qua qua
trinh oxy héa & nhiét do cao (790°C) clia giai doan tdi sinh
va chuyén thanh céc dang oxide tuong Ung trén xuc tac.
Vivay, anh hudng clia dang tién chat str dung khong dang
ké. Két qua nay khac hoan toan vaéi két qué khao sét cda
Zhu Yuxia va cac cong su [19] va cho thay tam quan trong
cla phuong phép cay kim loai lén xic tac. Viéc chi tham
UGt cac tién chat va xi ly thay nhiét khong du dé gid lap
tac dong clia cac kim loai Ién xuc tac.

3.2. Anh huéng riéng biét cia tirng kim loai Fe hay Ca

Trong nghién clu nay, Fe dugc dua vao xuc tac FCC
vGi ham lugng mong mudn trén xuc tac gia lap lan luot
la 0,83% khéi luong, 1% khéi lugng va 1,2% khdéi lugng;
tuong Ung vaéi ham lugng Fe b sung vao l1a 0,41% khai
luong; 0,58% khéi lugng va 0,78% khéi lugng. Véi Ca, ham
lugng mong mudn trén xuc tac gia lap lan lugt la 0,17%
khéi lugng, 0,25% khéi lugng va 0,4% khéi lugng; tuong
g v&i ham lugng Ca b6 sung vao la 0,08% khéi lugng;
0,14% khoi lugng va 0,31% khoi lugng. Ham lugng kim
loai mong muén trén xuc tac khac véi ham lugng kim loai
b6 sung la do xtc tac da chda ham lugng Fe va Ca dang
ké, phu thudc vao nguyén liéu thé st dung trong qua
trinh san xuat xdc tac ban dau.

Dién tich bé mat téng, dién tich bé mat zeolite cling
nhu dién tich bé mat chat nén gan nhu khong thay déi khi
ham lugng Fe bé sung tang ti 0 - 0,78% khdi luong (Bang
2). B6 acid cla xuc tac gid lap véi ham lugng Fe cling
khéng khéc nhau nhiéu. Tuy nhién, ty trong biéu kién clia
cac mau xuc tac gia lap gidam nhe khi tang ham lugng Fe
ldng dong trén xuc tac.

Anh hudng cia ham lugng Ca dén tinh chat hoa ly
cUa xuc tac trong Bang 3 cho thay viéc cay Ca gan nhu
khong anh hudng dén cac tinh chéat héa ly dac trung nhu
tinh chat x6p hay tinh acid.

Ké&t qua danh gia hoat tinh clia cac mau xuc tac voi
ham lugng Fe khac nhau dugc thé hién trén Bang 4. Xét

Bding 2. Tinh chdt hda Iy ctia cdc mdu xic tdc gid Idp voi ham luong Fe khdc nhau

Ham luong Fe bé sung (% khéi lugng)

Tinh chat xuc tac Mau 0
F-cat . 0,41 0,58 0,78
(mau trang)

Dién tich bé mat téng (m%/g) 238 153 149 146 152

Dién tich bé mit zeolite (m?%/g) 114 73 73 69 74

Dién tich bé mat pha nén (m?/g) 124 80 76 77 78
Fe (% khoi lugng) 0,395 0,422 0,790 0,947 1,090
CaO0 (% khoi lugng) 0,107 0,121 0,118 0,121 0,122
Ty trong biéu kién (g/cc) 0,793 0,766 0,750 0,752 0,746
Lugng tam acid téng (umol/g) 372 370 368 349

Bding 3. Tinh chdt hda Iy cia cdc mdu xtic tdc gid Idp véi ham lugng Ca khdc nhau
Tinh chét xtic tic Ham lugng Ca bé sung (% khéi lugng)
0 0,08 0,14 0,31
Dién tich bé mat téng (m?/g) 153 157 149 154
Dién tich bé mat zeolite (m%/q) 73 78 74 68
Dién tich bé mat pha nén (m%/q) 80 79 75 86

Fe (% khoi lugng) 0,422 0,420 0,432 0,418
Ca0 (% khoi lugng) 0,121 0,198 0,298 0,471
Ty trong biéu kién (g/cc) 0,766 0,766 0,760 0,751

Lugng tam acid téng (umol/g) 372 372 369 365
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Bding 4. Hoat tinh ciia cdc méu xiic tdc vdi ham lugng Fe khdc nhau

K&t qua hoat tinh

0 0,41
Ty lé xuc tac/dau 2,0 2,0
D6 chuyén hoéa 76,51 75,09
He s6 khi 1,42 1,66
Khi khé (% khéi lugng) 1,26 1,22
LPG (% khai lugng) 16,40 16,07
Téng khi (% khéi lugng) 17,66 17,29
Xng (% khéi luong) 55,37 53,58
LCO (% khéi lugng) 14,92 14,88
HCO (% khai lugng) 8,48 9,94
C6c (% khéi lugng) 3,19 3,94
D6 chon loc cée (%) 4,2 5.2

Ghi chd: (*): Mdu xtic tdc gid Idp sau khi logi Fe trén bé mdt bdng phuong phdp mai mon bé mdt (Di)

Ham lugng Fe b8 sung (% khdi lugng)

Bding 5. Hogt tinh ca cdc méu xuic tdc véi ham lugng Ca khdc nhau tai ty 16 xiic tdc/ddu = 2

Tinh chat xuc tac

0
D6 chuyén hda (% khéi luong) 76,51
Hé 6 khi 142
Khi kho (% khéi luong) 1,26
LPG (% khéi lugng) 16,40
Téng khi (% khéi lugng) 17,66
Xang (% khéi lugng) 55,37
LCO (% khdi luong) 14,92
HCO (% khdi luong) 8,48
C6c¢ (% khai lugng) 3,19
D6 chon loc cbc (%) 4,2

Ghi chii: (*) Mdu xuic tdc gid Idp sau khi logi Ca trén bé mdt bang phuong phdp mai mon bé mdt

tai cing ty | xuc tac/dau, khi ham luong Fe bé sung tang
tur 0 - 0,78% khéi lugng thi d6 chuyén hoa gidm tur 76,5%
xuéng 70,6% khéi lugng. BG6i v6i mau c6 ham lugng Fe
b6 sung 1a 0,78% khdi lugng thi d6 chuyén héa chi dugc
phuc héi khi tang ty lé xdc tac/dau dén 2,5. Ham lugng
Fe b6 sung c6 dnh hudng dén co cdu san pham clia phan
Uing cracking. San pham khi va c6c tang khi ham lugng sat
b6 sung tang trong khi sdn phdm ldng (xang) giam. Diéu
nay cho thay sat c6 hoat tinh tach hydro tuong tu nhu Ni
va két qua nay cling tuong tu nhu két qua quan sat thay
trén xudc tac can bang trong nha may [8 - 10]. Vai tro cla
Fe cling thé hién rd & dd chon loc c8¢ khi dé chon loc céc
tang theo ham lugng Fe b8 sung. Gia tri nay tang tu 4,2%
khoi lugng trong trudng hop co sé [én dén lan lugt la 5,2;
5,5 va 5,6% khéi lugng tuong (ing véi cac ham lugng Fe b8
sung la 0,41%; 0,58% va 0,78%.

D& lam r6 viéc Fe chi tich tu trén bé mat xuc tac hay
c6 thé xam nhap sau vao cau tric bén trong xuc tac,
nhém tac gid mai mon bé mat ngoai clia hat xuc tac
trén thiét bi chuyén dung Davison Index (DI) ctia Grace
Davison. Mau xuc tac gia lap b6 sung 0,78% khdi lugng
Fe dugc do dd mai mon sau 1 va 2 gid. Sau 1 gig bi bao
mon, ty 1& hat min dudi 20um khoang 7,6% khéi lugng

0,58 0,78 0,78 0,78*
2,0 2,0 2,5 2,0
74,13 70,65 75,88 74,62
3,41 2,66 3,06 1,72
1,27 1,05 1,46 1,02
14,95 12,63 17,57 15,62
16,22 13,68 19,03 16,64
53,59 52,70 51,82 53,77
15,35 17,22 14,90 15,93
10,42 12,01 9,12 9,34
4,05 3,97 4,74 3,93
5,5 5,6 6,2 53
Ham lugng Ca bé sung (% khéi lugng)
0,08 0,14 0,31 0,31(%)
75,3 75,04 75,43 74,61
1,90 1,82 1,65 1,68
1,14 1,07 1,17 1,52
15,4 14,37 15,56 15,12
16,5 15,43 16,73 16,63
54,5 54,69 54,48 54,22
15,4 15,35 15,08 14,75
9,14 9,51 9,39 10,54
4,03 3,64 3,95 3,48
54 49 52 4,7

va sau 2 gig, ty & nay lén dén gan 35% khaoi lugng. Két
qua do cho thay ham lugng Fe trong phan hat min duéi
20um sau 1 gid mai mon gap khoang 2,5 lan ham lugng
Fe trong phan hat min dudi 20um sau 2 gi& mai mon.
Ham lugng Fe trong phan hat min dugi 20um sau 2 gis
mai mon tuong duong ham lugng Fe trong phan xuc tac
con lai sau 2 lan mai mon. Gia tri nay tuong duong vdi
khoang 78% ham lugng Fe da dugc loai bé khéi xuc tac
sau qua trinh thuc hién mai mon bé mat. K&t qua nay cho
thdy Fe tich tu ch( yéu trén bé mat ngoai clia hat xuc tac
ma khéng di sau vao trong hat xuc tac, tuong dong vai
két qua cua Seiji Arakawa va cdng su [13]. Sau khi loai
b I6p Fe tich tu trén bé mat, hoat tinh cta xuc tac dugc
phuc héi (mau 0,78* Bang 4). P6 chuyén hda clia mau
nay ~ 75% khéi lugng tai ty 1 xic tac/dau = 2. Ngoai ra,
cd cdu sdn phadm clia mau xuc tac sau khi loai Fe trén bé
mat clng c6 su thay déi theo chiéu hudng tién gan vai
cd cdu ctia mau khéng cdy kim loai. San phdm khi va c6c
gidm, san pham ldng ting. K&t qué nay cho thay Fe c6
trong qua trinh tach hydro.

Khac véi Fe, viéc bd sung Ca trong khodng néng
dé khao sat anh hudng khong dang ké dén hoat tinh
cracking (Bang 5). D6 chuyén héa chi gidm tir 76,5% khoi
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luong xuéng khodng 75% khéi lugng khi Ca dugc bd
sung vao. Dd chon loc cdc cling ¢é xu huéng tang nhung
khoéng tuyén tinh véi su tang cia ham lugng Ca b6 sung.
Két qua khao sat mai mon ciing cho thay Ca c6 xu hudng
tap trung chd yéu trén bé mat xuc tac.

3.3. Anh huéng tuong tdc Fe va Ca

Tinh chat héa ly clia cdc mau xuc tac dugce bé sung
déng thai Fe va Ca véi ham luong khéac nhau (Bang 6) cho
thay viéc cay dong thai Fe va Ca anh hudng ré rét dén mot
s6 tinh chat héa ly cta xuc tac. Cac anh hudng nay ro rét
han &nh huéng riéng |& cla cac kim loai. Co thé thay, dién
tich bé mat gidm manh tir 153m?/g (mau trang) xuéng
133m?/g (mdu chia 0,58% khéi lugng Fe va 0,14% khéi
lugng Ca), trong do, dién tich zeolite gidm manh hon. Nhu
vay, tuang tac Fe - Ca da dan dén viéc pha hay mét phan
c4u truc zeolite va lam giam dién tich bé mat zeolite. Doi
vdi lugng tdm acid téng thi hién tuong nay cling dugc thé
hién tuong tu. Ty trong biéu kién cing giam ré rét khi cay
déng thai Fe - Ca khi so v6i mau trang.

Két qua MAT trong Bang 7 cho thay tac dong clia Fe
va Ca khi cung hién dién trén xuc tac quan trong hon cac
tac dong riéng Ié clia tiing kim loai. Truong hgp chi cé Ca

(0,14% khéi lugng) thi danh hudng khéng dang ké dén do
chuyén héa va co cdu san pham. Khi Ca dugc thém vao
mau c6 0,58% khai lugng Fe mac du chi vsi ham lugng nho
(mau 0,58% khéi lugng Fe va 0,14% khai lugng Ca) cling
c6 thé dan dén gidm dé chuyén hoa (gidm khoang 2 don
vi) va gidm hiéu suat xang (giam khoang 3 don vi). Néu lay
doé giam dé chuyén hda MAT so véi mau trang lam chuan
dé so sanh thi sy c6 mat dong thai Fe - Ca lam tang dé
gidm hoat tinh hon khoéang 1,2 1an so véi d6 gidm téng clia
trudng hop Fe, Ca riéng & & cung néng d6. Mat khéc, khi
thém dong thai Ca va Fe thi hé sé khi cling ¢6 xu huéng
giam so véi truong hgp chi cé Fe. Fe ¢ xu hudng lam tang
hé s6 khi, nhu vay, khi c6 mat Ca thi tuong tac gitra Ca va
Fe c6 thé lam gidm tac dong cua Fe trong viéc tao H,. Két
qua nay clng cho thay viéc tén tai clia tuong tac Fe - Ca
trén xuc tac. Ngoai ra, su cdy déng thoi Fe - Ca cling dan
dén viéc tang do chon loc céc va tang hiéu suat LCO, HCO.
Tu két qua 2 mau 0,58% khéi lugng Fe - 0,14% khai lugng
Ca va 0,58% khéi lugng Fe - 0,31% khdi luong Ca c6 thé
két luan khi ¢6 dinh ham lugng Fe va ting Ca thi két qua
gidm hoat tinh khéng dang ké. Ca dé chuyén hoa, co ciu
san pham, dé chon loc céc clia 2 mau nay déu tuong déng.
Nhu vay, tuong tac tuong ho clia Fe - Ca phu thudc vao mot
ty |é Fe - Ca nhat dinh, viéc ti€p tuc tang Ca trong khi van

Bdng 6. Tinh chdt hda Iy ctia cdc mdu xiic tdc gid Idp khi bé sung ddng thoi Fe va Ca

Ham lugng Fe va Ca bé sung (% khéi lugng)

Tinh chat xuc tac Fe 0 0,41
Ca 0 0,08
Dién tich bé mat téng (m?/g) 153 150
Dién tich bé mit zeolite (m?/g) 73 74
Dién tich bé mat pha nén (m%/q) 80 76
Fe (% khéi luong) 0,482 0,793
CaO (% khéi luong) 0,121 0,191
Ty trong biéu kién (g/cc) 0,766 0,755
Lugng tam acid téng (umol/g) 372 362

0,41 0,58 0,58 0,58

0,14 0,14 0,31 0,14
146 133 130 146 149
75 57 56 69 74
71 76,1 74 77 75

0,810 1,052 1,078 1,090 0,432

0,288 0,295 0,473 0,121 0,298

0,748 0,746 0,744 0,752 0,760
356 339 320 368 369

Bding 7. Hoat tinh cda cdc mdu xiic tdc vdi ham lugng Fe va Ca khdc nhau tai ty € xic tdc/ddu = 2

Tinh chat xuc tac E-cat Fe 0
Ca 0
D& chuyén héa (% khéi lugng) 73,35 76,51
Hé s6 khi 2,87 1,42
Khi kho (% khdi lugng) 1,15 1,26
LPG (% khéi lugng) 15,45 16,4
T6ng khi (% khéi lugng) 16,60 17,66
Xang (% khoi luong) 52,97 55,37
LCO (% khéi lugng) 16,40 14,92
HCO (% khéi lugng) 10,15 8,48
C8c¢ (% khai lugng) 3,51 3,19
D6 chon loc céc (%) 4,8 4,2
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Ham lugng Fe va Ca bd sung (% khdi lugng)

0,41 0,41 0,58 0,58 0,58
0,08 0,14 0,14 0,31 0,14
74,74 72,82 71,93 71,90 74,13 75,0
1,57 2,55 3,05 2,42 341 1,82
1,16 1,25 1,32 1,36 1,27 1,07
15,28 14,33 15,24 14,85 14,95 14,3
16,44 15,59 16,55 16,20 16,22 15,4
54,07 53,02 50,88 51,30 53,59 54,6
15,27 15,87 16,90 16,12 15,35 15,3
9,87 11,20 11,06 11,87 10,42 9,51
3,94 3,94 4,22 4,12 4,05 3,64
53 54 59 57 55 4,9
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Bding 8. Tinh chdt hda Iy cia cdc méu xtic tdc gid Idp dugc cdy dong thoi Fe, Ca va Na

Ham lugng Fe, Ca, Na bé sung (% khéi lugng)

. L Fe 0,41 0,41 0,58 0,41 0,58
Tinh chat xuc tac F-cat
Ca 0,14 0,14 0,31 0,14 0,31
Na 0,12 0,42 0,42
Dién tich bé mat téng (m?/g) 238 153 144 139 107 146 130
Dién tich bé mat zeolite (m%/q) 114 73 65 58 31 74,7 56
Dién tich bé mit pha nén (m?/g) 124 80 79 80 76 71,1 74
Fe (% khéi luong) 0,395 0,422 0,805 0,813 1,010 0,810 1,078
Ca0 (% khai lugng) 0,107 0,121 0,278 0,287 0,436 0,288 0,473
Na (% khi lugng) 0,077 0,085 0,184 0,407 0,397 0,078 0,077
Ty trong biéu kién (g/cc) 0,793 0,766 0,743 0,734 0,731 0,748 0,744
Lugng tdm acid téng (umol/g) 372 319 281 245 356 320
Bdng 9. Hogt tinh ctia cdc mdu xiic tdc gid Idp dugc cdy dong thoi Fe, Ca, Na tai ty Ié xiic tdc/ddu = 2
Ham lugng Fe, Ca, Na bé sung (% khéi lugng)
o Fe 0 0,41 0,41 0,58 0,41 0,58
Hoat tinh xuc tac E-cat
: Ca 0 0,14 0,14 0,31 0,14 0,31
Na 0 0,12 0,42 0,42
D6 chuyén héa (% khéi lugng) 73,35 76,51 70,41 68,36 65,60 72,82 71,90
Hé sé khi 2,87 1,42 2,20 2,22 2,91 2,55 2,42
Khi khé (% khéi lugng) 1,15 1,26 117 1,15 1,12 1,25 1,36
LPG (% khéi lugng) 15,45 16,40 13,82 12,97 11,77 14,33 14,85
T6ng khi (% khéi luong) 16,60 17,66 14,98 14,12 12,90 15,59 16,20
Xang (% khoi lugng) 52,97 55,37 51,33 50,14 48,41 53,02 51,30
LCO (% khéi lugng) 16,40 14,92 17,86 17,36 17,66 15,87 16,12
HCO (% khdi lugng) 10,15 8,48 11,61 14,35 16,60 11,20 11,87
Coc (% khéi lugng) 3,51 3,19 3,83 3,85 4,05 3,94 4,12
D6 chon loc cbc (%) 4,8 4,2 54 5,6 6,2 54 57

gilt nguyén Fe khong anh hudng dén ty 1é nay va khong
anh hudng dén hoat tinh. Do vay, anh hudng cia Ca la kém
quan trong hon anh hudng cuda Fe va tuong tac Fe - Ca.

3.4. Anh huéng tuong tdc Fe, Ca va Na

Bang 8 cho thay viéc thém Na lam gidm manh dién
tich bé mat zeolite va khéng anh hudng nhiéu dén dién
tich bé mat matrix. Bén canh do, su c6 mat cta Na cling
gidm manh tinh acid, ty trong biéu kién ctia xuc tac so véi
trudng hop chi cé Fe va Ca. Nhu vay su cé mat ctia Na da
truc ti€p pha v& cau tric cla zeolite.

K&t qua MAT trong Bang 9 cho thay su xuat hién cta
Na lam gidm do6 chuyén héa va hiéu suat xang. So vGi cac
mau chi dugc cay Fe va Ca, viéc bé sung 0,42% khdi lugng
Na dan dén gidm d6 chuyén héa (gidm dén 5 don vi) va
giam hiéu suat xang (giam khoang 3 don vi). Ngoai ra,
hiéu suat LCO va HCO tang khi co Na. Két qué phan tich do
chon loc céc ciing cho thdy c6 thém Na cling lam tang su
hinh thanh c6c. Khi so sanh cac cap mau 0,58% Fe - 0,31%
Ca v6i 0,58% Fe - 0,31% Ca - 0,42% Na hodc 0,41% Fe -
0,14% Ca v3i 0,41% Fe - 0,14% Ca - 0,42% Na thi su xuat

hién cGia Na luén lam gidm d6 chuyén héa, gidm hiéu suat
xang, tang hiéu suat LCO, HCO va tang d6 chon loc cdc.
Viéc c6 thém Na & cing ham lugng Fe - Ca c6 thé lam tang
dé gidm gia tri MAT (d6 chuyén héa) so v6i mau trdng dén
han 2 lan. Két qua nay lién quan truc ti€p dén viéc ciu
trdc zeolite da bi phd hay r6 rét khi c6 mat Na va lam gidm
manh kha nang cracking xuc tac. Viéc tang ham lugng Na
trong mau, so sanh 2 mau 0,41% Fe - 0,14% Ca - 0,12%
Na va 0,41% Fe - 0,14% Ca - 0,42% Na cho thay rat rd vai
trd clia Na trong viéc pha huy cau tric zeolite, giam dién
tich bé mat zeolite va hiéu qua qua trinh cracking, giam
dé chuyén héa, gidam hiéu suat xang, tang hiéu sudt LCO,
HCO, tang dé chon loc cée.

3.5. Anh huéng tuong tdc giira Fe, Ca, Na, V va Ni

Khi cdy thém V va V - Ni thi cac tinh chat hoéa ly cta
xuc tac khoéng bi tac déng nhiéu nhung anh hudng ré
rét dén hiéu qua cta qua trinh cracking (Bang 10). Ca d6
chuyén héa va hiéu sut xang déu giam khi céo matVvVvav -
Ni. So sanh hoat tinh cdc mau 0,41% Fe - 0,14% Ca-0,12%
Na va mau 0,41% Fe - 0,14% Ca-0,12% Na - 0,3% V- 0,1%
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Bding 10. Hoat tinh ca cdc mau xtic tdc gid Idp dugc cdy dong thoi Fe, Ca, Na, V, Ni tai ty I xtic tdc/ddu = 2

Ham lugng Fe, Ca, Na, V, Ni
ba sung (% khéi lugng)

Fe 0 0,22 0,41 0,41 0,58
Hoat tinh xuc tac E-cat Ca 0 010 014 014 0,31
' Na 0 0,08 0,12 0,12 0,12
\') 0 0,07 0,30 0,30 0,30
Ni 0 0,45 0,10 0,50

D6 chuyén héa
(% khéliy|u’c}ng) 73,35 76,51 73,21 64,78 62,91 62,01
Heé sé khi 2,87 142 309 359 384 49
Khi khé (9% khéi lugng) 1,15 1,26 1,35 144 1,30 1,30
LPG (% khéi lugng) 15,45 16,40 1532 12,57 13,76 12,20

T8ng khi (% khdi lugng) 16,60 17,66 16,67 14,01 1529 13,56
Xang (% khéi lugng) 52,97 55,37 52,39 46,75 45,80 43,92
LCO (% khéi lugng) 16,40 1492 16,86 18,89 17,46 18,85

HCO (% khéi lugng) 10,15 848 9,82 16,19 19,73 19,27
C6c¢ (% khéi luong) 3,51 319 3,87 397 424 430
D0 chon loc c6c (%) 438 42 53 61 67 69

Ni cho thay viéc c6 thém Ni-V & cung ham lugng Fe - Ca - Na lam tang
dd giam gia tri MAT so vGi mau trang dén hon 2 lan. Bén canh d6, hé
56 khi va céc cling c6 xu hudng tang. Su hién dién cac kim loai cling
lam gidm hiéu qua qua trinh cracking xuc tac thé hién qua viéc tang
ham lugng HCO trong san pham. C6 thé thdy khi cdy dong thai 5 kim
loai thi tuong tac déng thai gia cac kim loai v6i nhau rat phc tap. Vi
vay, viéc danh gia dnh hudng tuong tac gilra Fe - Ca- Na -V - Ni cha
yéu dua trén két qua hoat tinh cracking.

4. Két luan

Cac két qua cla bai bao mang tinh tién phong trong nghién ctu
anh huéng ctia Fe va Ca trong nguyén liéu dén hiéu qua hoat déng
cla xuc tac FCC khi anh hudng cda tung kim loai cling nhu anh huéng
tuong hd ctia cac kim loai dugc ti€p can béng phuong phap CMD. G
nghién clu tac déng riéng lé ctia cac kim loai, két qua cho thay Fe lam
gidm hoat tinh xuc tac, tang hé sé khi trong khi Ca anh hudng khéng
dang ké dén tinh chat xuc tac. Tuy nhién, tac dong tuong hé giira Fe -
Ca va su hién dién ctia Na lam pha hay r6 rét cdu tric zeolite clia xdc
tac va lam gidm hoat tinh cracking. Tac déng Fe - Ca dan dén giam do
chuyén hoa so véi mau trang cao han khoang 1,2 1an so véi d6 giam
téng clia trudng hop Fe, Ca riéng 1€ & cuing ndng dé. Néu so sanh vai
tirng tap chéat riéng lé thi tac dong Fe - Ca lam gidm dé chuyén héa so
vGi mau trdng cao hon dén 1,6 1an so véi mau chi cdy Fe & cing néng
d6. & cling ham lugng Fe - Ca viéc c6 thém Na c6 thé lam ting do
gidm gia tri MAT so v6i mau trang dén hon 2 1an. Vi vay, nha may can
kiém soat chat ché hiéu qua hoat dong cua thiét bi desalter, ddm bao
ham lugng Na c6 thé di vao nguyén liéu FCC ludn & muic thap nhat.

K&t qua khao sat trong nghién clru nay ciing cho thay Fe va Ca c6
xu hudng tich tu trén bé mat xdc tac. Viéc gisi han ham lugng Fe hodc
Ca nhdm han ché tac dong tuang hé ctia 2 kim loai trén cé thé a giai
phép hiéu qua dé han ché cac tac dong xau dén hoat dong ctia phan
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xuéng FCC. Ngoai ra, ban chat cua tap chat
Fe hodc Ca trong dau thé la mudi vo co (mudi
sat clorua, calcium nitrate) hay muéi hitu co
(naphthenate) cling khéng anh huéng dén
viéc thay déi tinh chat cling nhu hoat tinh xdc
tac thu dugc theo két qua phong thi nghiém.
Ké&t qua nay do cac dang tién chat cta Fe va
Ca déu dugc chuyén thanh oxide trong qua
trinh oxy héa & nhiét dé cao (qua trinh tdi sinh
xUc tac). Vi vay can kiém soat ham lugng Fe,
Ca trong dau tho déi véi cac dang ton tai khac
nhau cua tién chét cac kim loai nay.

Viéc c6 thém Ni va V trén xic tac dan dén
giam dé chuyén héa MAT tang dén hon 2 lan
so V@i trudng hop xuc tac chi dugc cdy voi
Fe - Ca - Na (cung n6ng d6 céac kim loai). Do
dé, ham lugng Ni, V trong dau thé van luén la
thong s6 quan trong hang dau ma nha may
loc dau can kiém soat chit ché.

Tai liéu tham khao

1. Nick A.Owen, Oliver R.Inderwildi,
David A.King. The status of conventional world
oil reserves - Hype or cause for concern?. Energy

Policy. 2010; 38: p. 4743 - 4749.

2. V.Cadet, FRaatz, J.Lynch, CMarcilly.
Nickel contamination of fluidised cracking
catalysts: A model study. Applied Catalysis.
1991; 68 (1): p. 263 - 275.

3. ArthurW.Chester. Studies on the metal
poisoning and metal resistance of zeolitic
cracking catalysts. Industrial & Engineering
Chemistry Research. 1987; 26 (5): p. 863 - 869.

4. RobertPompe, Sven Jardasb, Nils-Gosta
Vannerbergb. On the interaction of vanadium
and nickel compounds with cracking catalyst.
Applied Catalysis. 1984; 13 (1): p. 171 - 179.

5. ETangstad, T.Myrstad, A.lSpjelkavik,
M.Stécker. Vanadium species and their effect on
the catalytic behavior of an FCC catalyst. Applied
Catalysis A: General. 2006; 299: p. 243 - 249,

6. E.Tangstad, A.Andersen, E.M.Myhrvold,
T.Myrstad. Catalytic behaviour of nickel and
iron metal contaminants of an FCC catalyst after
oxidative and reductive thermal treatments.
Applied Catalysis A: General. 2008; 346 (1 - 2):
p. 194 - 199.



PETROVIETNAM

7. Lori T.Boock, Thomas F.Petti, John A.Rudesill.
Contaminant-metal deactivation and metal-
dehydrogenation effects during cyclic propylene steaming of
fluid catalytic cracking catalysts. Deactivation and testing
of hydrocarbon-processing catalysts. American Chemical
Society. 1996; 12: p. 171 - 183.

8. G.Yaluris, W.C.Cheng, M.Peters, L.T.McDowell,
L.Hunt. Mechanism of fluid cracking catalysts deactivation
by Fe. Studies in Surface Science and Catalysis, Elsevier.
2004; p. 139-163.

9. E.Rautiainen, Foskett. Control iron contamination
in resid FCC: With new techniques, refiners can detect and
recover from this poisoning. Hydrocarbon Processing. 2001.

10. Pat Salemo, Doc Kirchgessner, John Aikman.
Combating the negative effects of iron in the FCCU at
Philadelphia Energy Solutions Refining and Marketing, LLC.
AFPM Annual Meeting. 13 - 15 March, 2016.

11. T.T.Nhu. FCC residue processing.
Refinery Germany. 2013.

Bayernoil

12. E.Rautiainen, Foskett. Control iron contamination
in resid FCC. Hydrocarbon Processing. 2001.

13. Seiji Arakawa, Katsuhide Teshima, Mitsunori
Watabe. Effect of iron compound accumulation on apparent
bulk density and catalyst activity of FCC catalyst. Journal of
the Japan Petroleum Institute. 2011; 54 (4): p. 258 - 265.

14. Tran Van Tri, Nguyén Hoai Thu, Nguyén Hu
Luong, Lé Phuc Nguyén. Nghién ciu phdt trién phuong
phdp giam hoat tinh xtic tdc theo quy trinh cdy kim loai tudn
hoan nham gid Iap xuc tdc cracking can bdng cia Nha mdy
Loc ddu Dung Qudt. Tap chi Dau khi. 2015; 11: trang 35 - 42.

15. D.Wallenstein, D.Farmer, J.Knoell, C.M.Fougret,
S.Brandt.
contaminated FCC catalysts by a novel catalyst metallation
method. Applied Catalysis A: General. 2013; 462 - 463:
p.91-99.

Progress in the deactivation of metals

16. D.R.Rainer, E.Rautiainen, PImhof. Novel lab-scale
deactivation method for FCC catalyst: inducing realistic
accessibility responses to iron poisoning. Applied Catalysis
A: General. 2003; 249: p. 69 - 80.

17. Yannick Mathieu, Avelino Corma, Michaél Echard,
Marc Bories. Single and combined Fluidized Catalytic
Cracking (FCC) catalyst deactivation by iron and calcium
metal - organic contaminants. Applied Catalysis A: General.
2014; 469: p. 451 - 465.

18. ASTM D5154-10. Standard test method for
determining activity and selectivity of fluid catalytic cracking
(FCC) catalysts by microactivity test. 2003.

19. Zhu Yuxia, Du Quansheng, Lin Wei, Tang Liwen,
Long Jun. Studies of iron effects on FCC catalysts. Studies in
surface science and catalysis. 2007; 166: p. 201 - 212.

INFLUENCE OF METAL CONTENT IN CRUDE OIL ON THE PROPERTIES
AND PERFORMANCES OF FCC CATALYST AND MEASURES TO MAINTAIN
THE FCC UNIT'S STABILITY

Summary

Le Phuc Nguyen, Nguyen Hoai Thu

Tran Van Tri, Ngo Thuy Phuong, Nguyen Huu Luong
Vietnam Petroleum Institute

Email: nguyenlp.pvpro@vpi.pvn.vn

The influence of metals (Fe, Ca, Na, Ni and V) in crude oil on F(C catalyst performances was investigated. The fresh catalysts were

deactivated by cyclic metal deposition method (C(MD) with different concentrations of metals in the feed. Samples were characterised
by N, adsorption, XRD, SEM, and TPD-NH_, and were evaluated by a short contact time micro activity test unit (SCT-MAT). The study of
catalysts contaminated with different iron and calcium sources (iron chloride versus iron naphthenate and calcium nitrate versus calcium
naphthenate) shows that the nature of iron and calcium precursor has no significant influence on the catalyst performance. Fe leads to
a higher yield in dry gas and lower cracking performance whereas the influence of Ca on the catalyst properties and performance is not
considerable. However, the interaction of Fe - Ca could destroy the zeolite structure more severely than Fe or Ca alone and led to the im-
portant loss of MAT performance. The presence of Na would strongly destroy the zeolite structure and dramatically decrease the catalyst
performance. The obtained results also illustrated that Fe and Ca accumulated on the outer surface of catalyst. This results in a more
realistic simulation of equilibrium catalyst accessibility responses to iron and calcium contamination. Finally, some recommendations
for the refinery in order to maintain the stability of the FCC Unit have also been proposed by the authors.

Key words: Fe, metal contamination, feed oil, FCC, cyclic metal deposition (CMD).
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