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QUY TRINH LOAI BO THUY NGAN RA KHOI NGUON CAP CHAT LONG
HYDROCACBON CHUA THUY NGAN

(57) Sang ché& dé cap dén quy trinh loai bo thliy ngan ra khoéi nguén cap chat 1ong

hydrocacbon chia thiy ngan bang cdch sit dung chét long ion dugc chon mot

cach cu thé, quy trinh ndy bao gém budc cho nguén cip chat 1ong hydrocacbon

chita thuy ngan ti€p xtdc véi chat 1ong ion c6 cong thic [Cat*][M*][X], trong d6

cdc ky hiéu 1a nhu dugc xac dinh trong ban mo ta, va tach ra tir chat 16ng ion san

pham hydrocacbon 16ng ¢6 ham luong thily ngan gidm so véi nguén cap chat

long chita thuy ngan.
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Linh vue ky thuit dwoc dé cap
Sang ché dé cap dén quy trinh loai bo thiy ngan ra khoi chét long hydrocacbon.
Tinh trang k¥ thuit ciia sang ché

Céc hydrocacbon thé 16ng va thé khi thu duoc tir ddu khi thuong bi nhiém thuy
ngan. Dic biét, cac hydocacbon thé léng va thé khi thu duoc tir cac mé dau khi xung
quanh khu vuc cac nude Ha Lan, Buc, Canada, Hoa Ky, Malaysia, Brunei va vuong
qudc Anh dugc xac dinh 1a chta thiy ngén. Theo bdo cdo cia N. S. Bloom (Fresenius
J. Anal. Chem., 2000, 366, 438-443), thi thuy ngén c6 trong cac hydrocacbon nay co6
thé ton tai & nhiéu dang khac nhau. Mic du nguyén t6 thily ngan c¢6 xu hudng chiém
uu thé, nhung hat thily ngan (tirc 1a thuy ngan lién két v6i hat vat chat), thay ngan hitu
co (ching han dimetyl thuy ngan va dietyl thity ngan) va thiy ngan ion (ching han
thuy ngan diclorua) cling ¢6 thé tim thiy trong ngudn hydrocacbon ty nhién. Nong do
thily ngan trong dau thd c6 thé dao dong tir dudi mot phan ti (ppb) t6i vai ngan ppb tuy
thudc vao cac giéng dau va vi tri coa giéng. Tuong tu nhu vy, nong do thuy ngan

trong khi tu nhién c6 thé dao dong tir dudi Ing.m™ cho t6i hon 1000pg.m™.

Su ¢6 mit cta thily ngan trong hydrocacbon 1a van dé& kho giai quyét do doc
tinh cua chiung. Hon nita, thily ngén con an mon céc thiét bi didu ché hydrocacbon,
chéng han céc thiét bi duogc st dung trong cac nha may loc dau va khi dbt. Thuy ngan
c6 thé phan tng véi nhom trong céc thiét bi diéu ché hydrocacbon dé tao thanh hdn
hop, hdn hop nay c6 kha ning pha hiy cac thiét bi. Ching han, cac mdi han éng, bo
phan 1am lanh, bd trao d6i nhiét lam béng nhom va céac chat xtc tac hydro déu co thé
bi hu héng do hydrocacbon nhiém thiy ngan. Do do6 cac thiét bi ¢ thé bi pha hong,
gdy nén nhiitng tac dong kinh té nghiém trong, hoic trong truong hop ning, co thé gay
mat kiém soat toan bo hoat dong ctia nha may, gy ra hiu qua thdm hoa tiém tang.
Hon nita, cic san phidm bi nhiém thuy ngdn ¢ ham luong cao thuong cé chit luong

kém, do d6 murc gid thuong mai ctia chiing sé thap hon.

Mot s6 phuong phéap loai bo thiy ngan ra khéi hydrocacbon di duogc dé xut.

Céac phuong phap nay bao gém: k¥ thuat loc bang cach sir dung cac cot ¢6 tang cb dinh
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chtra lvu huynh, kim loai chuyén tiép hodc kim loai ning sulfua va iodua trén chat
mang hoat hoa; khir thily ngén hiru co va thily ngan vo co thanh dang nguyén t6 thuy
ngan bang k¥ thuat loc hodc hop nhat; oxy héa sau khi tao phtic véi cac hop chét chia
luu huynh; va oxy héa sau khi chiét dung méi. Tuy nhién, trong 1inh vuc k¥ thuat nay
van ¢6 nhu cau ddi v6i cac phuong phap hiru ich hon dé loai bé thuy ngan ra khoi
hydrocacbon, chéng han phﬁn cit dau tho va khi tu nhién, dac biét 1a loai bd “toan bo”

thily ngan ra khéi ngudn hydrocacbon chira hai hodc nhiéu dang thily ngan.

Thuat ngit “chit léng ion” trong ban mo ta nay dugc ding dé chi chit long c6
thé duge tao thanh bang cach lam tan mubi, va chi bao gdém ion. Chat l6ng ion c6 thé
duoc tao thanh tir chat déng nhét bao g61n mot loai cation va mot loai anion, hodc ¢co
thé bao gém nhiéu hon mot loai cation va/hodc nhidu hon mot loai anion. Nhu vay,
chit 16ng ion c6 thé bao gdm nhiéu hon mot loai cation va loai anion. Chét léng ion
ciing c6 thé bao gdm loai cation, va nhidu hon mot loai anion. Tuong tu nhu vay, chat

long 1on cling c6 theé bao gdm nhiéu hon mdt loai cation va nhiéu hon mot loai anion.

Thuat ngit “chat 16ng ion” bao gdm ca cac hop chat c6 diém néng chay cao va
cac hop chét c6 diém néng chay thap, ching han & nhiét do trong phong hoic thip hon
nhiét do trong phong. Vi thé, nhiu chét 16ng ion c6 diém nong chay dudi 200°C, dac
biét 1a dugi 100°C, xung quanh nhiét do trong phong (15 dén 30°C), hodc thAm chi
dudi 0°C. Céc chat 16ng ion ¢6 diém nong chay dudi khodng 30°C thuong dugce goi la
“chat 1ong ion nhiét do phong” va thudng c6 ngudn goc tir cac mudi hitu co co cic
cation di vong chtra nito, ching han cic cation chira pyridin va imidazole. Trong cac
chit 16ng ion nhiét 6 phong, ciu tric cua cation va anion ngén chin sy hinh thanh céu

tric tinh thé bac 1, va theo do, & nhiét do trong phong thi mudi & dang long.

Hau hét cac chat long ion déu duoc sir dung rong rai lam cdc dung mdi. Nhiéu
chat 16ng da duoc xac dinh 1a ¢6 ap sudt hoi khong déng ké, nhiét do én dinh, kha
ning dé chdy va tai ché thip. Do luong 16n cac két hop gitra anion va cation ¢6 san c6
thé tinh chinh c4c tinh chat vét ly cia chit long ion (nhu nhiét do néng chay, mat do,
d6 nhot va kha ndng tron 1an v6i nude hodc cac dung mdi hitu co) dé phu hop véi yéu

cau cua mot irng dung cu thé.

Co rat it cdc tai li¢u vé nghién ctru phan tach cac kim loai thanh chat 16ng ion tir

cac hé vo co.
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Chéng han, viéc phén tach cac ion thuy ngan, trong trang thai oxy hoa cao 2+
thanh cac chét léng ion ra khoi nude, di duge bao céo boi Rogers va céc cong su
(Green Chem., 2003, 5, 129-135), da chira réng nhom chét l6ng ion am khong cé ion
duong c6 thé duoc sir dung dé phéan tach Hg(Il) ra khoi mudi va cac dung dich axit
trong nudc. Prausnitz va cac cong su (Ind. Eng. Chem. Res., 2008, 47, 5080-5086) da
chi ra ring céac ion thiy ngan phan tach uu tién ra khoi nude tao thanh cac chét long

ion ky nudec.

Pinto va cdc cong sy (cong bd don My sb US 2007/0123660) da chi ra ring, su
két hop phdi tir tao phirc chira kim loai va cac chit léng ion phu 1én chit mang tro cé
thé duoc st dung lam nguyén liéu hap phu dé loai bo thuy ngan ra khoi khi thai cta
than dét (xem, tai li€u cua Ji va cac déng tac gia, Water, Air, & Soil Pollution: Focus
2008, 8, 349-358, Ind. Eng. Chem. Res., 2008, 47, 8396-8400, va Main Group
Chemistry 2008, 7, 181 -189).

Cong bd don qudc té s WO 98/06106 md ta quy trinh dé hoa tan oxy hoa cac
nhién li€u hat nhan va vat liéu boc nhién li€u hat nhan trong céc chét long ion trén co
s& nitrat. Chat 16ng ion duoc mo ta bao gdm céc ion nitrat, va ty y bao gdm céc anion
sulfat hodc cac cdc anion tetrafloborat, va axit Bronsted hodc Franklin (nhu axit nitric,
axit sulfuric, hodc céc cation nitroni), ma can thiét dé nang cao kha nang oxy hoa

manh ctia dung moéi. Céc chat 1dng ion duge xac dinh 1a tan hoan toan trong nudc.

Pitner, W. R. va céc dong tic gia dd md ta quy trinh twong tu dé hoa tan urani
oxit khong tan (UO2) trong d6 urani oxit ndy bi oxy héa thanh géc UO,** trong hon
hop bao gdm axit nitric va chat léng ion chira céc ion nitrat (xem, tai liéu Green
Industrial Applications of lonic Liquids, NATO Science Series II: Mathematics,
Physics and Chemistry, 2003, 92, 209-226, Kluwer Academic Publishers, Dordrecht.).

Tuy nhién, viéc hoa tan cac nguyén t6 kim loai khdng dugc mo ta.

Can phai hiéu rang, quy trinh oxy hoa dugc md ta trong cong bd don quic té sb
WO 98/06106 va trong tai liéu cta Pitner va cac dong téc gia, can phai str dung céc
axit ¢ tinh &n mon cao chira cac ion nito. Quy trinh nay rd rang 1a khong phu hop voi
quy trinh hydrocacbon vi cdc thanh phan hydrocacbon nhu cac olefin va hop chét
thom d& phéan Gng v&i cac axit va ion nito, dan t6i hinh thanh céac san pham phu khéong

mong muén. Viéc str dung céc axit cling dan t6i su gia tdng do axit khong mong mudn
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trong toan b cac thanh phan, dac biét 1a dbi véi cac chat 16ng hydrocacbon. Hon nita,
sw dn mon hé thdng cao da duogc cong b trong cong bd don qudc té sb WO 98/06106
va trong tai liéu cia Pitner va cac dong tac gia, khién ching phu hop véi quy trinh

hydrocacbon kim loai, cac thiét bi giao thong van tai va luu trir.

Varma va dong tc gia (cong bd don My sb US2007/0140940) md ta phuong
phap loai bé nguyén té thily ngén hodc thiy ngan da oxy hoa ra khéi cac chét long
chira thuy ngan str dung cac thanh phan hép thu oxy héa. Céac thanh phan hap thu oxy
hoa ¢ thé dugc chon tir mot hodc nhiéu silicat ¢6 kha nang trao ddi cation v6i nhiéu
cation kim loai hoat héa va cac anion trai ddu cua chung, chéng han dét sét nhu
montmorilonit, laumonit, bentonit, mica, vermiculit va caolinit, va tir cac gel silic oxit,
cac rdy phan ttr tu nhién va tong hop, cic zeolit, va tro tir [0 va ndi hoi ddt bang than
dang bot. Mot hoac nhiéu hop chét halogen va/hodc sulfat kim loai oxy hoa co thé
duogc chon tir nhém bao gé)ln CuCl, CuBr, CuCl,, CuBr2, CuSOs, FeCl,, FeCls, FeSOq,
Fea(SO4)3, ZnCla, ZnBra, NiCla, va NiSO4. Céc chat hap thu 6 thé chira than hoat tinh.

Biang sang ché Puc s6 DE 4116890 (Mobil Oil Corp) mo td phuong phap loai
bo thily ngén ra khoi dong chit thai st dung chit hép thu bao gdm hop chat kim loai
trén chat mang. Cac kim loai hitu dung bao gém bitmut, ddng, sit, vang, bac, thiéc,
kém va paladi, va hdn hop cua ching. Thanh phin kim loai ¢6 thé & dang nguyén t6

kim loai, oxit kim loai, sunphit kim loai hodc hon hop cua chung.

Bing sdng ché Chau Au sb EP 0,385,742 (Mitsui Petrochemical Industries Ltd)
md ta phuong phap dé loai bo thuy ngan ra khoi hydrocacbon 16ng, bao gdm budc cho
hydrocacbon 1éng tiép xtc vdi chét hap thu ¢6 thanh phan hoat héa dugce d trén chat
mang. Thanh phén hoat hoéa dugc chon tir hop chét déng, hop chét thiéc va hdn hop
cia chung. Phuong phap dugc mé ta c6 thé con c¢6 thém budc cho hop chat
hydrocacbon tiép xtic véi thanh phan hoat hoa dugc chon tir nguyén t thudc cac
Nhém 11 dén VIII trong Bang tudn hoan cac nguyén td hoa hoc, cac hop chét chelat,
va hon hop ciia ching.

Trong bﬁng sang ché Chau Au sb EP 0,352,420, quy trinh dugc md ta dé loai bo
thity ngén ra khoi hydrocacbon 1ong bao gdm cic bude cho hydrocacbon 16ng tiép xuc
v6i dung dich nude cta hop chat luu huynh duge biéu thi boi cong thic chung

MM’Sx, trong d6 M dugc chon tir nhém bao gom kim loai kiém va gdc amoni, M’
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duoc chon tr nhom bao gdm kim loai ki€m, géc amoni va hydro va x nho nhat la bang

1.
Ban chit ky thuit clia sang ché

Do dé, muc dich cua séng ché la dé xuat quy trinh loai bdé kim loai, cu thé la

thuy ngén, ra khoi chit léng hydrocacbon.

Cu thé hon, sang ché dé xuét quy trinh loai bo thiiy ngan ra khéi ngudn cép chét
long hydrocacbon chira thuy ngan. Cac chit 16ng ion chtra kim loai nhit dinh ¢6 kha
ning tach thiy ngin & dang nguyén td, ion va hitu co ra khéi chét 16ng hydrocacbon
v6i hidu quéa cao. Ngoai ra, cac tic gia sdng ché da phat hién ra rang, cac chat 16ng ion
nay c6 kha ning hoa tan thiy ngan cao, cu thé, kha nang hoa tan thiiy ngan trong chét
léng ion co thé 1én téi 20% khéi luong, trén tdng khdi lwong chit 16ng ion va thiy

ngan.

Cu thé hon nita, sang ché d& xuit quy trinh loai bo thuy ngan ra khoi nguon cép
chat long hydrocacbon chira thiy ngén bang cach sur dung chét 16ng ion dugc chon
mot cach cu thé, quy trinh nay bao gdm budc cho ngudn cip chat 16ng hydrocacbon
chira thily ngan tiép xtc véi chét 16ng ion ¢ cong thire [Cat*][M*][X7], va tach ra khoi
chat l6ng ion san phdm hydrocacbon 16ng ¢6 ham lugng thily ngan giam so v6i ngudn

cép chét 16ng chira thuy ngan.
M6 ta vén tit cac hinh vé
Fig. 1 12 biéu d6 so sanh ning sut phan tach ctia cac chét 16ng ion chua céc ion
metallat, mudi metallat [dng khong ion, va céc mudi khong metallat léng khong ion.
Fig. 2 la dd thi mo ta dix liéu trong bang 8§, thé hién su so sanh vé nang suét cua
chit 16ng ion dugc mang trén than hoat tinh va silic oxit x6p va than hoat tinh dugc
tam luu huynh c6 ban trén thi truong dé loai bo thuy ngéan ra khoi dong khi.
M5 ta chi tiét sang ché
Quy trinh thtr nhit dé loai bo thiy ngin ra khoi ngudn cip chéit léng
hydrocacbon chtra thily ngan, quy trinh nay bao gém céc budc:

(i) cho ngudn cip chat 16ng hydrocacbon chira thiy ngan tiép xtc v6i chét long

ion ¢6 cong thurc:
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[Cat"][M"][X]
trong do:
[Cat "] 1a mot hodc nhiéu loai cation hitu co,

[M ¥ ] 1a m§t hodc nhiéu cation kim loai dugc chon tir cation kim loai chuyén

tiép c6 trang thai oxy héa la +2 hodc cao hon,
[X~] 12 mdt hodc nhiéu loai anion; va

(ii) tach ra tir chat 1éng ion san pham chét 16ng hydrocacbon c6 ham lugng thuy

ngan giam so vé1 nguodn cédp chat 16ng chira thuy ngan.

Khong bi rang budc béi bat ky hoc thuyét nao, ngudi ta tin rang chat 16ng ion
tao ra moi trudng oxy hoa nhe, trong dé nguyén t6 thiy ngan duoc oxy hoa thanh céc
gbc thiy ngén ion ¢ kha ning hoa tan cao, va trong do, cac gbc thiy ngin hitu co trai
qua su phan tach oxy héa dé tao thanh céc ion thuy ngan c6 kha nang hoa tan cao. Do
do, cic ion thuy ngén dugc tao thanh dugc cho la phan viung c6 tinh chon loc cao tir
cac chét 1ong hydrocacbon vao chét 16ng ion. Do d6, cac chat long ion theo sang ché
thuc hién chrc nding kép 1a oxy hoa thily ngan va tao moi trudng bt gitr cho cac goc
thily ngén dugc oxy héa. Diéu niy cho phép tit ca cac dang thuy ngéan déu duoc loai

b6 ra khéi chat long hydrocacbon vé6i hiéu qua cao.

Céc chit 16ng ion duoc st dung trong quy trinh theo sang ché l1a du nhe, do do
tranh duoc phan tng ctia chét 16ng ion véi chit 16ng hydrocacbon va/hoic quy trinh
hydrocacbon/thiét bi van chuyén/luu trit. V& van dé nay, nguoi ta danh gid cao quy
trinh theo sang ché khong yéu cau sir dung céc axit &n mon va/hodc mdi truong nitrat
(cu thé, chat long thuy ngan chua axit sulfuric, axit nitric, cac ion nito, va/hodc céc ion
hydro sulfat), cac axit &n mon hodc moi truong nitrat ndy khong pht hgp véi quy trinh
cua cac vat liéu hydrocacbon.

Theo sang ché, [M*] co thé 12 mot hodc nhilu cation kim loai duoc chon tu
cation kim loai chuyén tiép hang ddu tién c6 trang thai oxy hoa it nhat 1a +2, vi du cac
caction kim loai dugc chon tr scandi, titan, vanadi, crom, mangan, sat, coban, niken,
dong va kém va c6 trang thai oxy hoa it nhat 1a +2.

Do do, phu hgp véi séng ché, [M*] cé thé 1a mot hodc nhiéu cation kim loai

dugce chon tir Sc**, Sc*, Ti¥*, Tid*", Ti*, V', V3 V¥ V5 Cr2* | Cr*, Cr*, Crt,

-7-



23033

Cr®, Mn%*, Mn**, Mn*", Mn®>*, Mn®", Mn"", Fe?*, Fe’", Fe*", Fe’*, Fe®", Co?", Co’*,
Co**, Co™, Ni?*, Ni**, Ni*', Zn**, Mo?*, Mo**, Mo*", Mo®>* va/hodc Mo®".

Theo phuong 4n wu tién hon, [M*] ¢6 thé 1a mét cation sit ¢ trang thai oxy hoa
it nhét 1a +2, chang han nhu Fe*, Fe*, Fe'*, Fe>* va Fe®* . Tét hon nita, [M*] ¢6 thé 1a

Fe3*

[M*] c6 thé 1a mot cation ddng c6 trang thai oxy hoa it nhét la +2, ching han

nhu Cu?*, Cu** va/hodc Cu**. Tét hon nira, [M*] ¢6 thé 1a Cu?* .

M™] c6 thé 1a mét cation molypden c6 trang thai oxy héa it nhét la +2, ching
yp g

han nhu Mo?*, Mo*", Mo*", Mo>* va/hoic Mo®*. Tét hon nita, [M*] ¢6 thé [a Mo®* .

[M*] c6 thé 1a mdt cation coban c6 trang thai oxy hoa it nhét 1a +2, ching han

nhu Co®*, Co**, Co** va/hodc Co®*. Tt hon nita, [M*] ¢6 thé 1a Co?*.

Ciing ¢6 thé cho ring, [M*] ¢6 thé 14 nhiéu hon mdt cation kim loai. Ching han,
[M*] ¢6 thé 1a nhiéu hon mét cation kim loai (tirc 1a hdn hop ciia cac cation kim loai
khac nhau, va/hodc hdn hgp cia céc cation kim loai gidng nhau c6 cac trang thai oxy

héa khac nhau) dugc chon tir nhém wu tién cac cation da néu trén day.

[M*] 1a mdt hodc nhiéu cation kim loai dugc chon tir Fe?*, Cu?*, Mo® va Co?".

Tét hon nita, [M*] 1a mot hoac nhiéu cation kim loai duoc chon tir Fe3* va Cu?".
[M*] 1a Fe’".
[M*] 1a Cu?".

Mot loi thé cta viée st dung mot hodc nhiéu ion kim loai ¢6 trang thai oxy hoa
it nhit 1a +2 1a su giam ion kim loai trong qua trinh oxy hoa thuy ngan thuong dan tdi
viéc hinh thanh ion kim loai cé trang thai oxy hoa it nhét 1a +1, do d6 tranh duoc su

hinh thanh cac kim loai co ban nhu la san phém phu.

Tét nhat 1, ion kim loai dwgc chon c6 trang thai oxy héa it nhit 1a +1 sau qua
trinh oxy héa thily ngén (chang han Cu?* dugc giam xudng Cu* ). Bang cach nay, cac
chat 16ng hydrocacbon chua thiy ngan c6 thé dugc xir 1y theo sang ché co thé chira tur
I phén ti (ppb) thity ngan dén hon 250.000ppb thity ngan, ching han 1 dén 200.000ppb
thuy ngén, 1 dén 100.000ppb thiy ngan, 1 dén 50.000ppb thiy ngan, 2 dén 10.000ppb
thity ngén, hodc 5 dén 1000ppb thity ngan.
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Ham lugng thily ngéan cta céc chit 1ong hydrocacbon trong tu nhién c6 thé co
nhiéu dang khac nhau, va sang ché dugc tng dung dé loai bé nguyén tb thiy ngén, hat
thiy ngan, thiy ngén hiru co hodc thiy ngin & dang ion ra khdi cac chét long
hydrocacbon. Theo mot phuong 4n wu tién, thi ngudn cp chat long hydrocacbon bao
gom it nhit mot trong s6 cac dang nguyén to thuy ngan, hat thuy ngan hoac thuy ngan
hitu co. Tét hon 13, ngudn cép chét 16ng hydrocacbon nay chaa it nhdt mot trong s6
cic dang nguyén t6 thuy ngan va thiy ngan hitu co. Do d6, theo mot phuong an uu
tién, thi ngudn cap chit 16ng hydrocacbon chitra thily ngan bao gdm nguyén td thuy
ngan. Theo mot phuong 4n wu tién hon, thi ngudn cip chét 1ong hydrocacbon 206m

thuy ngén hitu co.

Céc quy trinh theo sang ché dac biét thich hop dé tach chiét thuy ngan ra khoi
cac chat 1ong hydrocacbon chtra nhidu hon loai trong sd thiiy ngan biét hoa, vi du hai
hodc nhiéu loai thity ngén biét héa. Theo cac phuong an uu tién ctia sang ché, chét

16ng hydrocacbon nay c6 thé bao gém:

(i) nguyén té thity ngan va thiy ngan vo co;

(ii) nguyén t6 thiy ngan va thiy ngéan hitu co;

(1i1) thuy ngan vo co va thuy ngan hitu co; hodc

(iv) tat ca ba dang nguyén t6 thily ngan, thiy ngéan vo co va thiy ngén hiru co.

Céac quy trinh theo sdng ché c6 thé dugc sur dung vé&i ngudn cip hydrocacbon
bat ky chira thuy ngan, va nhiing chat & dang 1éng hodc dang khi trong cac diéu kién
hoat dong cua quy trinh.

Nhu duge st dung & day, thuat ngit “hydrocacbon” chi chét long hoac chét khi
chira it nhat 50% trong lugng hydrocacbon, tét hon 1a chta it nhat 60% trong lugong
hydrocacbon, tét hon nita 1a chira it nhat 70% trong luong hydrocacbon, tét hon nhiéu
nita 1a chta it nhat 80% trong luong hydrocacbon, t6t hon nhidu nira 1a chta it nhat
90% trong lugng hydrocacbon, va tt nhit 1a chira 95% trong luong hydrocacbon.

Céac vi du vé chét long hydrocacbon duge xur 1y theo sing ché bao gdm cac
hydrocacbon & dang long, nhu khi thién nhién hoa Iong, phém ct nhe, chzlmg han chtra
khi dau hoa long, xang, va/hodc naphta; khi tu nhién cd dic, phﬁn cit gifia, chéng han

chira dau hoa va/hodc diesel; cdc phan cat ndng, ching han dau nhién liéu va dau tho.
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Céac chat léng hydrocacbon dugc xir ly theo sang ché ciing co thé bao gém cac

hydrocacbon & thé khi; chang han khi thién nhién va khi tir nha may loc dau.

[Cat™] ¢o thé g&n loai cation dugc chon tu: amoni, benzimidazoli, benzofurani,
benzothiopheni, benzotriazoli, boroli, xinolini, diazabixyclodecent,
diazabixyclononeni, 1,4-diazabixyclo[2.2.2]octani, diazabixyclo-undeceni, dithiazoli,
furani, guanidini, imidazoli, indazoli, indolini, indoli, morpholini, oxaboroli,
oxaphospholi, oxazini, oxazoli, iso-oxazoli, oxothiazoli, phospholi, phosphoni,
phtalazini, piperazini, piperidini, pyrani, pyrazini, pyrazoli, pyridazini, pyridini,
pyrimidini, pyrolidini, pyroli, quinazolini, quinolini, iso-quinolini, quinoxalini,
quinuclidini, selenazoli, sulfoni, tetrazoli, thiadiazoli, iso-thiadiazoli, thiazini, thiazoli,

iso- thiazoli, thiopheni, thiuroni, triazini, triazoli, iso-triazoli va urani.

[Cat"] bao gdm cac loai cation di vong thom dugc chon tir: benzimidazoli,
benzofurani, benzothiopheni, benzotriazoli, xinolini, diazabixyclodeceni,
diazabixyclononeni, diazabixyclo-undeceni, dithiazoli, imidazoli, indazoli, indolini,
indoli, oxazini, oxazoli, iso-oxazoli, oxathiazoli, phtalazini, pyrazini, pyrazoli,
pyridazini, pyridini, pyrimidini, quinazolini, quinolini, iso-quinolini, quinoxalini,
tetrazoli, thiadiazoli, iso-thiadiazoli, thiazini, thiazoli, iso-thiazoli, triazini, triazoli, va

iso-triazoli.

Tét hon 1a, [Cat*] ¢6 cong thirc:

R + RY + Rd +
RE Re RE Re R®
\ \ \N
| ' | : | :
= N =
R T R R® N R® r~|¢ R®
L R? _ L R2 _ L R2 _
B 7o+ r 7o+ B o+
R®, R4 R® RY
R® N\ R N
, h /
i S W ' R )\R" ’
= N N
R® N R® |
| - A
L R - L _ L _
B 0+ B 1+ 1o+
RP =] RY R® R?
N N—N / N
/\ , ) . )\
R® RY RP RS R R
o N
Ra
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trong d6: mdi nhom R?, RP, R¢, RY, R®, Rf va Re doc lap duge chon tir hydro,
nhom C; dén Cao alkyl mach thang hoic mach nhanh, nhém Cs dén Cg xycloalkyl, hodc
nhém Cg dén Cio aryl, hodc hai trong s6 cac nhom R®, R¢, RY, R¢ va Rf gin véi cac
nguyén tir cacbon ké nhau tao thanh chudi metylen -(CHj)q— trong d6 q nam trong
khoang tir 3 dén 6; va trong d6, cac nhom alkyl, xycloalkyl hodc aryl trén, hodc chudi
metylen néu trén khong duoc thé hodc c6 thé duoc thé bémg mot hoac ba nhom duoc
chon tir: C; dén Ce alkoxy, Ca dén Ciz alkoxyalkoxy, Cs dén Cg xycloalkyl, Cg dén Cao
aryl, Cs dén Cio alkaryl, C; dén Cio aralkyl, -CN, -OH, -SH, -NO,, -CO2R*, -OC(O)R*,
-C(O)R¥, -C(S)R¥, -CS2R¥, -SC(S)R¥, -S(0)(C1 dén Ce)alkyl, -S(0)O(C; dén Cg)alkyl,
-0S(0)(C1 dén Ce)alkyl, -S(C dén Ce)alkyl, -S-S(C1 dén Cs alkyl), -NR*C(O)NRYR?, -
NR*C(O)OR?Y, -OC(O)NRYR? -NR*C(S)ORY, -OC(S)NRYR?* -NR*C(S)SRY, -
SC(S)NRYR?*, -NR*C(S)NRYR?* -C(O)NRYR* -C(S)NRYR?# -NRYR? hodc nhom di
vong, trong do cac nhom R*, RY va R* doc 14p dugc chon tur hydro hodc C; dén Cs

alkyl.

R? t6t hon 1a duoc chon tir Cy dén Cis alkyl mach théng hodac mach nhéanh, tot
hon 1a duge chon tir Ca dén Co alkyl mach théng hodc mach nhanh, t6t hon nia la
duoc chon tir C ; dén Csg alkyl mach théng hodc mach nhanh, va tdt nhat 1a duoc chon
tr C4 dén Cg alkyl mach th'fmg hoac mach nhanh. Cac vi du khéc nira bao gém, trong
do R* dugc chon tir metyl, etyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-

hexadecyl, n- heptadecyl va n-octadecyl.

Trong cac cation bao gém mdt nhom R, nhém Re tdt hon 1a duoc chon tur C
dén Cyo alkyl mach thé‘ing hodc mach nhanh, t&t hon nita 1a dugc chon tir C; dén Cs

alkyl mach thing hodc mach nhanh, va t6t nht 1a nhom R€1a nhém metyl.

Trong céc cation bao gdm ca nhém R? va nhom R&, mdi nhom R? va Ré t6t hon
la doc 1ap duoc chon tir C; dén Cag alkyl mach théng hodc mach nhanh, va mdt nhom
trong hai nhém R? va Reciing c6 thé 1 hydro. Tét hon 13, mdt nhom trong hai nhém R?
va Re duoc chon tir C; dén Cio alkyl mach théng hodc mach nhéanh, tét hon nira la duoc
chon tir C; dén Cg alkyl mach théng hodc mach nhanh, va tot nhit 1a duoc chon tir Cy
dén Cyg alkyl mach théng hodc mach nhanh, va nhom con lai trong hai nhom R?® va R#

duoc chon tir C; dén Cyo alkyl mach théng hodc mach nhéanh, t6t hon 1a duoc chon tur
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Ci dén Cs alkyl mach thang hodc mach nhanh, va t&t nhat 12 nhém metyl.

M3i nhém R? va R ¢6 thé doc lap dugc chon, noi c6 mit, tur C dén Cy alkyl
mach thing hodc mach nhanh va C; dén Cs alkoxyalkyl.

Mot nhém trong hai nhém R? va Re ¢o thé duoc thé béng hydro, metoxy hoac
etoxy.

Cac nhom RP, R, RY, Re, va Rf co thé doc lap duoc chon tir C; dén Cs alkyl

mach thing hodc mach nhénh, va tt hon 1a mdi nhom R®, R¢, RY, Re, va R’ 1a hydro.
[Cat™] t6t hon 14 bao gdm cation duoc chon tur:

RY

RE. R®
’ va

R® N Rf |

trong do: cac nhom R?, R, R¢, RY, R¢, Rf, R& 1a nhu duge xéc dinh trén day.
Tén hon 13, [Cat*] bao gdm cation dugc chon tur:

+

trong do: R?, RP, R, RY, R, R, va R® la nhu duge xac dinh trén déy.

Tét hon 13, [Cat*] bao gdm cation dugc chon tu:

X

Ra

trong do: R?va R&1a nhu dugc xéc dinh trén day.

RE
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Tét hon 1, [Cat*] bao gdm cation duoc chon tir:

R9 +

trong d6: R*va R® 1a nhu dugc xé4c dinh trén day.

Nhirng vi du dac trung vé céc cation di vong thom chira nito uvu ti€n, ma céc

cation nay c6 the dugc st dung theo sang ché bao gom:

H3C\N/\’“\:/CHZCH3 H3C\N/\;/(CH2)3CH3

\—/ , \—/

[emim] [bmim]

H3C\N/\§/(CHZ)5CH3 H3C\N/\§/(CHZ)7CH3 H3C\N/\;/(CH2)QOCH3

[hmim] [Cgmim] [MeOC,mim]

[Cat™] ¢6 thé bao gdm cation di vong bdo hoa dugc chon tir amoni vong, 1,4-
diazabixyclo[2.2.2]octani, morpholini, phosphoni vong, piperazini, piperidini,

quinuclidini va sulfoni vong.

Tét hon nira 13, [Cat*] bao gdm cation di vong bio hoa ¢6 cong thirc:

Rd + r ) + r Rd = +
RS RY

RS R R¢ Re
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RY

RE R®

R® Re
RP S Rf

II . LK

A |

trong do: R? R®, R¢, R¢, R¢, R, va Re Ia nhu duoc xac dinh trén day,

Tét hon nita 13, [Cat™] bao gdm cation di vong bdo hoa c6 cong thic:

_ - 4 B -
RS RY
RE Re
J y
Rb Re
N
f
R R V2N
. - R? RY
va tdt nhat 1a:
_ 1+

trong do: R?, R®, R, RY, R®, Rf va Rela nhu dugc x4c dinh trén day.

[Cat™] t&t hon 1a bao gdm cation di vong bao hoa dugc chon tu:
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V{W
7
B T+ B 7+
Re R R i R
SN Y N
i
I
|
w | O
2t M Re R ';;EAR“
/N |
R R L8

Trong céc cation di vong bao hoa trén, R? tdt hon 1a duge chon tir C; dén Cis
alkyl mach thing hodc mach nhanh, t6t hon nam trong khoang tir C; dén Cio alkyl
mach théng hodc mach nhénh, t&t hon nita nam trong khoang tir Cy dén Cg alkyl mach
thing hodc mach nhanh, va tt nhit nim trong khoang tir C4 dén Cg alkyl mach thang
hodc mach nhanh. Céc vi du khic bao gdm, trong dé R® dugc chon tir metyl, etyl, n-
propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n-
dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl va n-

octadecyl.

Trong céc cation bao gém mot nhom R&, R tot hon 1a duoc chon tr C; dén Cio
alkyl mach théng hodc mach nhanh, tét hon nira 12 duoc chon tr Cy dén Cs alkyl mach

théng hodc mach nhanh, t6t nhit 12 R 1a mot nhom metyl.

Trong cac cation di vong bdo hoa bao gdm ca nhom R®va R, mdi nhom R? va
R® t6t hon 1a doc lap dugce chon tur Cy dén Cao alkyl mach théng hodc mach nhanh, va
mot nhom trong hai nhém R* va R# ’cc') thé 1a hydro. Tt hon 14, m6t nhom trong hai
nhom R? va Re dugc chon tir C; dén Cig alkyl mach théng hodc mach nhanh, tt hon
nita 1a duogc chon tir C; dén Cg mach alkyl mach théng hodc mach nhanh, va nhom con
lai trong hai nhém R? va R& ¢co thé duoc chon tir C; dén Cio alkyl mach théng hoac
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mach nhanh, t&t hon 1a duoc chon tir C1 dén Cs alkyl mach théng hodc mach nhanh, va
t5t nhét 1a nhom metyl. Theo mét phuong an uu tién nita cta sang ché, mdi nhom R*
va R® ¢o thé ddc lap duoc chon, noi c6 mét, tr C, dén Cao alkyl mach théng hoac mach

nhéanh va C; dén Cis alkoxyalkyl.

Cac nhom RY, R¢, RY, Re, va R doc 1ap duoc chon tir hydro va C; dén Cs alkyl

mach thang hodc mach nhanh, va t6t hon 14 mdi nhom R, R¢, RY, R¢, va Rf1a hydro.
Nhom R? ¢é thé dugce thé biang hydro, metoxyl hodc etoxyl.
[Cat*] bao gdm cation xodn dugc chon tur:
[N(RHRRHRY], [PRYRP)R)R]", va [SR* )(R?)(R)]",

trong d6: mdi nhom R, R®, R¢, va R¥ doc 1ap duoce chon tir nhom C; dén Cag
alkyl mach théng hodc mach nhanh, nhém C; dén Cg xycloalkyl, hodc nhom Ce dén Cio
aryl; va trong do, cac nhém alkyl, xycloalkyl hodc aryl néu néu trén khong duoc thé
hodc ¢6 thé duoc thé béng mdt hodc ba nhom duoc chon tir: C; dén Cg alkoxy, C dén
C12 alkoxyalkoxy, Cs dén Cg xycloalkyl, Cs dén Cio aryl, C7dén Cio alkaryl, C7 dén Cio
aralkyl, -CN, -OH, -SH, -NO,, -CO;R*, -OC(O)R*, -C(O)R*, -C(S)R*, -CS,R*,
SC(S)R*, -S(O)(C1 dén Cg)alkyl, -S(O)O(C; dén Cs )alkyl, -OS(0C; dén Ce)alkyl,
S(Ci dén Ce)alkyl, -S-S(Ci dén Cs alkyl), -NR*C(O)NRYR?, -NR*C(O)ORY,
OC(O)NRYR?,  -NR*C(S)ORY, -OC(S)NRYR?#, -NR*C(S)SRY, -SC(S)NRYR?, -
NR*C(S)NRYR?, -C(O)NRYR?, -C(S)NRYR?, -NRYR* hoac mot nhém di vong, trong do

cac nhom R, RY va R* doc 1ap duoce chon tir hydro hodc Ci dén Cg alkyl va trong do,

mdt nhom trong sd cac nhom R?, RY, R¢, va Réciing ¢6 thé 1a hydro.
Tét hon 1a, [Cat™] bao gdm cation dugc chon tur:
[INR)R")(R)RDT, [PRYR)RHRYT,

trong d6: moi nhom R?, RY, R¢, va RY doc 1ap duoc chon tir nhém Cy dén Cao
alkyl mach théng hodc mach nhanh, nhém Cs dén Ce xycloalkyl, hodc nhom Cg aryl; va
trong do, cac nhom alkyl, xycloalkyl hodc aryl & néu trén khong dugc thé hodc c6 thé
duoc thé b%mg mdt dén ba nhom dugc chon tir: C; dén Cg alkoxy, Cy dén Cp
alkoxyalkoxy, Cs dén Cg xycloalkyl, Cs dén Cio aryl, C7 dén Cio alkaryl, C7 dén Co
aralkyl, -CN, -OH, -SH, -NO,, -CO2R*, -OC(O)R*, -C(O)R*, -C(S)R*, -CS;R¥, -
SC(S)RY, -S(O)(C1 dén Ce)alkyl, -S(0)O(C dén Ce)alkyl, -OS(O)(C1 dén Cg)alkyl, -
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S(Ci dén Cealkyl, -S-S(Ci dén Cs alkyl), -NR*C(O)NRYR% -NR*C(O)ORY, -
OC(O)NRYR?*,  -NR*C(S)ORY, -OC(S)NRYR?% -NR*C(S)SRY, -SC(S)NRYR?, -
NR*C(S)NRYR?, -C(O)NRYR?, -C(S)NRYR? -NRYR?* hodc mot nhém di vong, trong do
cac nhom RX, RY va R* ddc 1ap dugc chon tir hydro hodc Ci dén Cs alkyl va trong do,

mot nhom trong cic nhom R, RY, Re, va R9¢o thé 1a hydro.

Trong céc cation xodn da xac dinh trén ddy, nhém R® tét hon 1a duge chon tir C
dén Ca alkyl mach théng hodc mach nhanh, tt hon nira 1a duoc chon tir Cs dén Cie
alkyl mach théng hodc mach nhanh, va tdt nhat 1a duoc chon tir C4 dén Ci4 alkyl mach
théng hodc mach nhanh. Cac vi du khac nita bao gé)m, trong d6 nhém R* dugc chon tur
metyl, etyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-
undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl

va n-octadecyl.

Trong céc cation xodn da xac dinh trén ddy, cac nhém R®, R¢ va R¢ tdt hon 1a
doc 1ap dugce chon tir Cy dén Cio alkyl mach théng hodc mach nhanh, tét hon 1a duoc

chon tir Cy dén Cs alkyl mach thfmg hoac mach nhanh.

T6t hon 1a hai nhom trong cac nhom RP, R¢va RY, va tdt hon nira 1a mdi nhom
R®, R¢va R¢ dugce chon tir metyl, etyl, n-propyl, n-butyl, n-pentyl va n-hexyl.

T6t hon 1, hai nhom trong cac nhom R, R¢va RY, va tdt hon nita 12 mdi nhém
R’ R¢va R%la n-butyl hodc n-hexyl.

Mot nhom trong cdc nhom R?, RP, R¢va R4c¢é thé duoc thé béng hydro, metoxy

hodc etoxy.

Céc vi du dac trung vé cdc anion xodn va cdc cation phosphoni vu tién, pht hop

v6i muc dich sir dung bao gom:

+ + + + +
NBu, . PBu, . NHBus , BusP(CisHag) | NMeBus
(IN4 4,4.4D) ([P4,4,4.4D (INH,4 4 4D (IP4,4,4,14D (IN4.4,44])

+ + + 4+ OH
CeHinaNMe  HexgP(CigHpe)  (CoHidNMes  Mesn™ "
(INg 85,11 ([Pe.6.6,14] (INg.1.1,1D (IN1.1.1201]D

+/\/\ +/\/\/OH
MesN OH MesN
(IN1,1,1,30H]) (IN4,1,1,401])
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[Cat"] c6 thé bao gom cation dugc chon tir guanidini, guanidini vong, urani,

urani vong, thiuroni va thiuroni vong.

Tét hon 14, [Cat'] bao gdm cation ¢6 cong thuc:

+ + +
NRERf OR® 1' SRe

)l\ ; /K ) hoac /K
RZREN NR°RY R@RPN NRC°RY L R@RPN

NR°RY

trong d6: mdi nhém R?, R®, R¢, RY, R¢, va Rf doc 1ap duge chon tir nhom C dén
C0, alkyl mach théng hodc mach nhanh, nhém Cs dén Cg xycloalkyl, hodc nhém Ce
dén C1o aryl, hodc hai nhém bét ky trong cac nhom R?, R® R¢, va RY, duoc gén Vao cac
nguyén tir nito khac nhau tao thanh chudi metylen -(CHa)q-, trong do, q bang tir 2 dén
5; trong do, cac nhom alkyl, xycloalkyl hodc aryl hodc chudi metylen & néu trén khong
duoc thé hodc c6 thé duoc thé bé‘mg mét dén ba nhom duoc chon tir: Ci dén Cg alkoxy,
C, dén C); alkoxyalkoxy, Cs dén Cg xycloalkyl, Cs dén Cio aryl, C7 dén Cio alkaryl, C7
dén Cyo aralkyl, -CN, -OH, -SH, -NO, , -CO:R¥, -OC(O)R*, -C(O)R*, -C(S)R* , -
CS:R*, -SC(S)R¥, -S(0)(Ci dén Ce)alkyl, -S(O)O(C; dén Ce)alkyl, -OS(O)( Ci dén
Ce)alkyl, -S(C dén Cg)alkyl, -S-S(C1 dén Cg alkyl), -NR*C(O)NRYRZ -NR*C(O)ORY, -
OC(O)NRYR?*, -NR*C(S)ORY, -OC(S)NRYR?#, -NR*C(S)SRY, -SC(S)NRYR?, -
NR*C(S)NRYR?, -C(O)NRR?, -C(S)NRYR? -NRYR?, hodc nhom di vong, trong do cac

nhom R*, RY va R*doc 1ap dugce chon tir hydro hoac Ci dén Cs alkyl.

Nhitng vi du dic trung vé cdc cation guanidini, urani va thiuroni pht hop cho

muc dich st dung bao gom:

+
+ NMQQ
NMe, + OMe
NMe /g
’ ’ ) +
| MeN NMe MGQN

Me,N NMe, NMe,
Me,N NMe,
OEt SMe SEt
/K+ ! /K+ /K+
MGQN OH MezN NMGQ MGQN Nl\/le2

[Cat *] bao gém cation chira mot gbe luu huynh giau dién tr hoic mot gbe
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selen. Vi du bao gém cac cation da xac dinh & trén chura thiol thuy tinh, thioete, hoac

céc phan tir disulfua.

[Cat™] ¢6 thé 1a mdt hodc nhidu cation ¢6 thé tich khong gian khong 16n hon thé

tich khong gian cua tributylmetylamoni.

Phu hop vdi sang ché, [X] ¢6 thé gdm mot hodc nhiéu anion duoc chon tir
halogenua, perhalogenua, halogenua gia, sulfat, sulfit, sulfonat, sulfonimit, phosphat,
phosphit, phosphonat, metit, borat, carboxylat, azolat, cacbonat, carbamat,
thiophosphat, thiocarboxylat, thiocarbamat, thiocacbonat, xantat, thiosulfonat,

thiosulfat, nitrat, nitrit, percrorat, axit amin va borat.
Do do, [X] ¢co thé 1a mot hodc nhidu anion dugc chon tu:
a) anion halogenua dugc chon tu: F-, Cl', Br, I';

b) anion perhalogenua dugc chon tu: [I3]", [LBr]", [IBr2], [Brs], [Br2Cl],
[BrCLJ, [ICL], [LCIT, [Cls];

¢) anion halogenua gid dugc chon tu: [N3]', [NCS], [NCSe], [NCOJ, [CN];
d) anion sulfat duoc chon tir: [HSO4]", [SO4]%, [R?0SO,0];

e) anion sulfit duoc chon tur: [HSOs], [SO3]%, [R20S0,];

f) anion sulfonat duoc chon tir: [R'SO,0] ;

gj anion sulfonimit dugc chon tir: [(R'SO,).N]";

h) anion phosphat dugc chon tir: [HoPO4] , [HPO4]*, [PO4]*, [RZOPO5]* ,
[(R20):PO]";

i) anion phosphit dugc chon tir: [H,POs], [HPO3]*, [R?0P0O,]%, [(R?0),PO];
j) anion phosphonat dugc chon tir: [R'POs]*, [R'P(O)(OR?)O];

k) anion methit dugc chon tir: [(R'SO2)3C];

1) anion borat dugc chon tur: [bisoxalatoborat], [bismalonatoborat];

m) anion cacboxylat dugc chon tir: [R2CO3];

n) anion azolat dugc chon tu: [3,5-dinitro-1,2,4-triazolat], [4-nitro-1,2,3-
triazolat], [2.,4-dinitroimidazolat], [4,5-dinitroimidazolat], [4,5-dixyano-imidazolat],

[4-nitroimidazolat], [tetrazolat];
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0) anion chtra luu huynh dugc chon tur: thiocacbonat (chéng han [R?20CSa]);
thiocacbamat (chang han [R%HNCS:]); thiocacboxylat (ching han [R'CS:]);
thiophosphat (ching han [(R20),PS,]" ); thiosulfonat (ching han [RS(0)S] ); va
thiosulfat (ching han [ROS(0),S]); va

p) anion nitrat ([NO3]") hodc nitrit ([NO2]);

trong d6: cac nhom R va R2 doc 1ap duoc chon tir nhém bao gdm C dén Co
alkyl, Cgaryl, Ci dén Co alkyl(Ce)aryl, va Ce aryl(Ci dén Cio)alkyl, mi nhom trong sd
cac nhom nay duogc thé béng mot hodc nhidu nhém duge chon tur: flo, clo, brom, iot,
C1 dén Cg alkoxy, Cz dén Ci, alkoxyalkoxy, C; dén Cs xycloalkyl, Cs dén Cio aryl, C7
dén Cio alkaryl, C7 dén Cio aralkyl, -CN, -OH, -SH, -NO,, -CO2R*, -OC(O)R*, -
C(O)R¥, -C(S)R¥, -CS,R, -SC(S)R*, -S(0)(C dén Cg)alkyl, -S(O)O(C dén C)alkyl, -
OS(0)(Cy dén Ce)alkyl, -S(C1 dén Ce)alkyl, -S-S(Ci dén Cs alkyl), -NR*C(O)NRYR?, -
NR*C(O)ORY, -OC(O)NRYR?* -NR*C(S)ORY, -OC(S)NRYR?# -NR*C(S)SRY, -
SC(S)NRYR*, -NR*C(S)NRYR? -C(O)NRYR? -C(S)NRYR? -NRYR? hodc nhom di
vong, trong d6 cac nhom R*, RY va R* doc 1ap duoc chon tir hydro hodc C dén Ce

alkyl, va trong d6 nhom R! ciing c6 thé 1a flo, clo, brom, iot.

Tot hon la, [X°] khong chtra cac anion perhalogenua hodc cac anion chira cac

nguyén t&r hydro c6 tinh axit.

Theo mot phuong an uu tién, [X] bao gébm hodc chia anion halogenua dugc
chon tur: [F], [CI], [Br], va [I]". Tt hon 1a, [X"] bao gdm hodc chira anion halogenua

dugc chon tir: [C1] va [Br] . Tt hon nita 13, [X7] bao gdm hodc chira anion [CI]-.

Theo mdt phuong an wu tién khac, [X] bao gdm hodc chira anion halogenua gia

duoc chon tir: [N3],, [NCS], [NCSe]", [NCOT, v [CNT

Theo mot phuwong an uu tién khac, [X] bao gdbm hodc chira anion cacboxylat
dugc chon tir [R*CO2], trong d6 nhom R?1a nhu duge xé4c dinh trén ddy. Nhiing vi du
khic nita vé cac anion trong tai liéu ndy bao gdm: [HCO,]", [MeCO»], [EtCO2],
[CH2(OH)COz],, [CH3CH(OH)CH2COz],, [PhCO;]. Anion cacboxylat uu tién dic
trung la [MeCO]".

Theo mdt phuong an vu tién khac nira, [ X" ] bao gom hodc chira anion sulfat

[SO4]%.
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Theo mdt phwong 4n wu tién nita, [X] bao gdm anion chira gbc luu huynh giau
dién tor hodc géc selen. Céac vi du bao gé)m: cac anion la nhu duoc xéac dinh trén day
chra cac phan tir thiol thuy tinh, thioete, hodc disulfua, [NCST, [NCSe]", [R2OCS,],
[RZNCS2], [R'CS2], [(R20)2PS2], [R'S(0)S] va [R?OS(0):S], trong dé céc nhom
R!va R?la cdc nhom la nhu duge xac dinh trén day. Cac vi du khac nira vé cac anion
trong tai liéu nay bao gbébm: [CHa(SH)CO»], [CH3CHa2(SH)CO,], [CH3CSal,
[CH;CH.CSz], [PhCSy] , [(MeO)2PS2], [(EtO)2PS2],, [(PhO)2 PS2], [(CH3):NCS,],
[(CH3CH2)2NCS, ], [PhaNCS2], [CH30CS2], [CH3CH2O0CS,]", [PhOCS:],

0
co, cs,
SH SH S
, va T
To6t nhét 1a, [X'] bao gbm hodc chtra anion halogenua va/hoac anion halogenua

gia nhu da mo ta trén ddy va/hodc [SO4]%. Tt nhat 14, [X7] dugc chon tir [CI], [Br] va
[SCNT . Tét nhét 13, [X] 1a [CI]".

Can phai hiéu ring chit 16ng ion khong chi giéi han chat long ion chtra mot
cation don va anion don. Theo dé, [Cat™] cé thé 1a hai hodc nhiéu cation, nhu hdn hop
thdng ké gém 1,3-dimetylimidazoli, 1-etyl-3-metylimidazoli va 1-3-dietylimidazoli.
Tuong tu nhu vay, [X7] ¢6 thé 14 hai hodc nhiéu anion, nhu hdn hop gom clo ([CI]) va

brom ([Br]).

Cén phai hiéu rang lugng phén tir tuong déi cua [Cat'], [M*] va [X] trong cac
chit 16ng ion da mo ta trén day la khong ¢6 dinh, nhung c6 thé dua ra khoang gia tri
v6i diéu kién co su cén bang dién tich téng thé. Do do, lugng phan tir twong dbi cua
[Cat], [M*] va [X] s& phu thudc vao ndng do cac cation kim loai [M*] va dién tich

trén tung ion [Cat'], [M*], va [X].

Cac cation [Cat™] va c4c anion [X] hitu co nhu d3 mo ta trén day thuong 1a céac
ion c6 dién tich don. Tuy nhién, khong loai trir réng [Cat*] va/hodc [X] c6 thé 1a cac
ion ¢6 dién tich da, vi du cdc ion c6 dién tich gap doi, gip ba va gap bon lan. Ching
han, [SO4]% ¢6 thé duoge nhan dang la vi du ctia anion c¢6 dién tich gép doi1 thudce su xac

dinh cua [X7].
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Ty 18 mol ctia [Cat*] v6i [M*] trong céc chit 16ng ion tét hon 14 trong khoang tir
10:1 dén 1:2, tt hon nita la trong khoang tir 5:1 dén 1:2, va tét nhat 13 trong khoang tur
2:1 dén 1:1. Nguoi ta phat hién ra ring, ty 1é mol cta [Cat™] v6i [M*] trong khoang tur
2:1 dén 1:1 cho phép su chuyén kim loai ctia chit 16ng ion dugc tdi da, ma khong mat
di kha nang kiém soat cac dic tinh cta chat Iong ion (chang han, diém néng chay va
kha nang hoa tan trong nudc) bang cach lya chon (céc) cation hiru co [Cat™].

Céac chét léng ion dugc str dung c6 thé dugce diéu ché bing cach cho mubi cia
cation kim loai [M*] vao chét 6ng ion. Tét hon 13, anion hodc cic anion ndy ctia mudi
gibng anion ciia chit 1éng ion [X7]. Cu thé, mudi kim loai t&t hon 1a chta anion
halogenua, nhu anion clorua hodc anion bromua.

Tt nhit 13, mudi dugc thém vao chat long ion dugc chon tu FeCls, FeBrs,
CuCl,, va CuBr.

Ton kim loai [M*] c6 thé dugc két hop véi mot hodc nhiéu phéi tr dé tao thanh
mot nhom phure hop. Tét hon 13, [X] bao g@)m mot hodc nhiéu loai anion ¢6 chtrc nang
nhu cac phdi tir ddi v6i ion kim loai [M*]. Ngoai ra, chit 1ong ion ¢ thé bao gdm céc
gbc trung tinh c¢6 kha nang phdi hop véi cac ion kim loai [M*], ching han céc amin va
phosphin.

T6t hon 13, nhém phire hop trén c6 cong thirc:

[V )L ) -

trong do:

modi M*"doc 1ap 1a ion kim loai [M*] nhu da mo ta trén day, co dién tich la x™;

mdi LY doc lap 1a phdi tir ¢6 dién tich 13 y-;

nlal, 2 hodc 3;

mla?2,3,4,5,6,7hodc §;

x1a2,3,4,5hodc 6;va

y1a 0, 1, 2 hoac 3.

Can phai hiu r6 céu trac chinh xac cia cdc nhom phtic hop, va do d6 gia tri
clia n, m, X va y, phu thudc vao cac chat héa hoc cia cac kim loai dic biét va céc phoi

tr duoce st dung. Cau trac phit hop c6 thé dé dang luan ra bdi nhitng nguoi ¢é trinh do
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trung binh trong linh vuc k¥ thuét nay bang cach st dung céc nguyén tic co ban cla

héa hoc phéi hop.

T6t hon 1a, mdi LY- doc lap dugce chon tir loai anion [X] 1a nhu dugc xac dinh

trén day, [O*] va [S*].

T6t hon 1a, mbi LY- doc 1ap dugc chon tur anion halogenua, anion perhalogenua,
anion carboxylat, [O*] va [S¥]. Chéng han, mdi LY c6 thé doc lap duoc chon tu [F],
[CIT, [Br], [1], [Ns],, [NCST, [NCSe], [NCOT, [CNT, [R2CO3], trong d6 R? la nhu
dugc xac dinh trén day, [0%] va [S*].

Tét hon 13, (nx-my) 1a sé m. Khi (nx-my) 13 s& 4m thi nhém phttc hop nay

duoc coi 1a anion metallat.

Céc anion metallat uu tién dic biét bao gdbm [FeCls], [CuCls]?, [Cu:Cl]* va

[MoS4]%.

Anion metallat 1a nhu duoc xac dinh trén day cé thé duge tao thanh béng cach
thém mudi kim loai vao chit 16ng ion, theo d6 cac anion clia chét long ion két hop vai

mudi kim loai tao thanh anion metallat.

Vi duy, khi cac chit long ion dugc diéu ché béng cach thém FeCls vao chét long
ion clorua, chang han nhu thém [bmim]*[Cl] trong cht 16ng ion vao ion kim loai theo
ty 1& 1:1, mudi kim loai nay két hop véi clorua ciia chat long ion tao thanh chét long

ion c6 cong thue [bmim] [FeCls] , trong d6 [FeCls] 1a nhom metallat.

Khi chét léng ion dugc diéu ché bang cach thém CuCly vao chét long ion
clorua, chang han nhu thém [bmim]*[CI] trong chat 16ng ion vao ion kim loai theo ty
1& 2:1, thi mudi kim loai nay két hop vdi clorua cua chét l6ng ion tao thanh mot chat

16ng ion ¢6 cong thirc ([bmim]")2([CuCls]*), trong d6 [CuCls]* 1a nhém metallat.

Ngoai ra, khi chit long ion dugc didu ché bang cach thém CuCl, vao chat long
ion clorua, chang han nhu [bmim]*[CI], trong chét long ion vao ion kim loai theo ty 1é
1:1, thi mudi kim loai két hop véi clorua cua chét 16ng ion tao thanh mot chét long ion

c6 cong thire ([bmim]*)2([Cu2Cls]?), trong d6 [Cu2Cl]* 12 nhom metallat.

Cing can phai hiéu ro rang, khi kha nang chuyén kim loai ctia chat ldng ion
thap, thi chat long ion c6 thé bao gdom mot hdn hop cac anion metallat va cac anion

khong phtrc hop [X].
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Céc chat 16ng ion ¢6 cong thire [Cat™)[M*][X"] t6t hon 12 ¢6 diém nong chay la
250°C hoic thép hon, t6t hon nita 1a 150°C hodc thép hon, tot hon nira la 100°C hodc
thép hon, t6t hon nhiéu nira 12 80°C hozc thap hon, va tdt nhét 1a chét l6ng ion co diém

néng chay dudi 30°C.

Chét 16ng ion c6 thé bao gdm céac chit te ché diém néng chay 1a cac chat phu
gia. Thong thudng, cac chét phu gia e ché diém nong chay dugce st dung khi chit
léng ion chira mot gbe (ching han nhém hydroxyl) ma gdc nay c6 thé tao lién két
hydro véi chit phu gia (e ché diém nong chay. Nhitng chit phu gia trc ché diém nong
chay thich hop duoc biét dén rong rai trong linh vuc k¥ thuat nay, va bao gbm etylen

glycol, glyxerol, uré, va phenol.
Chat 16ng ion ¢6 thé khoéng c6 céc chét phu gia e ché diém nong chay.

Céc tac gia sang ché da phét hién ra rang, quy trinh theo sang ché khong phai la
dic biét nhay cam vé6i su ¢6 mit clia nu6e, ching han quy trinh theo sang ché tuong
thich véi cac dong hydrocacbon chira mot ty 1€ nhé nude. Theo quy trinh duge mo ta
trong tai liéu nay, chinh chét long ion tu nd cod thé chira mot ty 1€ nho nudec. Tét hon
néu, ham lugng nuée trong chit 1ong ion khéi dau it hon 30% khdi lugng, tot hon nita
1a it hon 20% khéi lugng, tot hon nira 1a it hon 10% khdi luong, va tdt nhét 14 it hon
5% khbi lugng. Chéng han, viéc st dung mudi hydrat (nhu CuCl,.2H,0) dé diéu ché

chit 16ng ion ¢6 thé lam ting ham lugng nuéde trong chat 16ng ion.

T6t nhat 1a, chit 1ong ion duge chon dé tron 13n véi chit 16ng hydrocacbon, dac

biét 1a khi chat long hydrocacbon chira hydrocacbon 1éng.

Céc tac gia séng ché da phat hién ra ring, viéc phén tach hiéu qua thuy ngan ra
khoi cac hydrocacbon & dang 16ng hodc dang khi da dugc tong hop bang céch st dung
quy trinh theo sang ché ma khong can céc chét phu gia, nhu cac chét dong dung moi
va/hodc cac phdi tr tao phuc chua thiiy ngan va/hodc cac chét trung gian oxy hoa
va/hodc oxi hoa khu thém vao, trong thanh phé“m clia chat long ion. Do do, theo mot
phuong 4n uu tién, chat 1ong ion co thé khong chira cac cac dong dung moi. Chét 1ong
ion c6 thé khong chura cac phéi tir tao phtc chua thiy ngan. Chit 16ng ion c6 thé
khong chira cac chit oxy hoa thém vao. Chét l6ng ion c6 thé khong chira cac chat phu

gia ¢6 chre nhu nhu cac chét trung gian oxy hoa khu.
Chat léng ion ¢6 thé dugc mang trén chat mang rin.
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Quy trinh thtr hai ciing duoc dé xuit dé loai bo thiy ngan ra khéi ngudn cip

chit 16ng hydrocacbon chira thity ngan, quy trinh nay bao gdm cac bude:

(i) cho ngudn cip chat 1éng hydrocacbon chira thily ngan tiép xuc véi chit long

ion dugc mang trén chit mang rin, trong trudong hop chét l6ng ion ¢é cong thirc:
[Cat"][M™][X7]
trong do:
[Cat*] 1a mdt hodc nhiéu loai cation hitu co,

[M*] 1a mot hoac nhiéu cation kim loai dugc chon tir cation kim loai

chuyén tiép co trang thai oxy hoa 1a +2 hodc cao hon,
[X°] 1a mot hodc nhiéu loai anion;

(ii) tach ra tir chat 1ong ion san pham chit 16ng hydrocacbon c¢6 ham lugng thuy

ngan giam so véi ngudn cap chat 1éng chira thuy ngan.

Chat 16ng ion tbt hon 1a nhu da mé ta két hop véi quy trinh thir nhat. Nhitng mo
tA uu tién vé [Cat'], [M*] va [X] da duoc x4c dinh két hop véi quy trinh thit nhat cua
sang ché ciing dugce uu tién két hop vé6i quy trinh thit hai ctia sang ché. Hon nira,
cation kim loai [M*] ¢6 thé duoc két hop véi mot hodc nhiéu phdi tir dé tao thanh
nhém phtrc hgp, tét hon 14 anion metallat, nhu da mé tir két hop véi khia canh thr nhét

theo sang ché.

Tt hon 1, chdt mang rén duoc st dung theo céc khia canh trén cta sang ché
bao gdm hodc chua vat lidu mang xp. Vat liéu mang x6p duoc uu tién dic biét la
nhitng vat liéu c6 dién tich bé mat BET tir 10m2.g™! t6i 3000m2.g™!, tdt hon nita nim
trong khoang tir 20 dén 1000m?.g”!, tSt hon nita nam trong khoang tir 50 dén 500m2.¢"

', va tot nhat nam trong khoang tir 100 dén 300m?2.g"!.

Nhirng chit mang rén dugc st dung theo céc khia canh trén cia sang ché tt
hon la & dang bot vién, dang hot hodc dang hat co khoi luong, nghia la duong kinh
trong khoang tir 0,1mm dén 100mm, t8t hon la trong khoang tir 0,5mm dén 50mm, va

t6t nhat 1a trong khoang tir Imm dén 10mm.

Nhiing vi du vé cac chat mang ran bang x0p uu tién dugc sir dung theo cac khia

canh trén cua sang ché bao gom silic oxit, nhom oxit, silic oxit-nhdm oxit, va than hoat
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tinh. T6t nhat chdt mang rin la silic oxit.

Nhin chung, céc chét long ion duogc c¢b dinh dé sur dung theo cac khia canh trén
ctia sang ché chura tir 1 dén 50% trong luong ctia chat 1ong ion, tot hon 1a chta tir 10
dén 30% trong lugng cta chat long ion, va tot nhét 1a chira 15 dén 25% trong luong
ctia chit 16ng ion, trén téng trong luong cua chat 16ng ion va chit mang rén. Cac chat
mang ran chira nhiing ty 1& nay cta chét 16ng ion duoc phat hién ta ra dién tich bé mat
t6 da ma khong ngin chan cac 16 chan 16ng ctia chat mang, hodc giam kha nang tiép

XUuc.

Phi hop vé6i khia canh bt ky duoc mé ta trong tai liéu nay, chét long ion va
ngudn cip chét long hydrocacbon chira thiy ngan tt hon néu duoc cho phan tng véi
v6i ty 18 thé tich cta hydrocacbon: chit léngion nim trong khoang tir 1:1 dén
10.000:1, t6t hon nim trong khoang tir 20:1 dén 10.000:1, t6t hon nita nim trong
khoang tir 100:1 dén 10.000:1 va tét nhit nam trong khoang tir 1000:1 dén 10.000:1.
No6i chung, thé tich nhé hon cta chit 16ng ion lién quan dén lugng hydrocacbon duoc

uu tién vi no6 can tr¢ sy hinh thanh nhil tuong.

Ty 1é phan tng gitta chit 1ong ion va hydrocacbon duoc chon nidm trong
khoang tir 1 dén 10.000 mol, tot hon ndm trong khoang tir 1 dén 1000 mol, t&t hon nita
nam trong khoang tir 1 dén 100 mol, t&t hon nhiéu nira nim trong khoang tir 1 dén 10
mol, va t6t nhat ndm trong khoang tir 1 dén 5 mol chit long ion dugc phan Gng véi
ngudi cap chat 16ng hydrocacbon chtra thily ngan trén mdi mol thily ngan trong ngudn

cap chat 1ong hydrocacbon chira thity ngan.

Phu hop véi céc khia canh néu trén, chit léng ion dugce phan ung wu tién voi
ngudn cip chit 1ong hydrocacbon chtra thiy ngan & nhiét do tir 0°C dén 250°C, tét
hon nam trong khoang tir 10°C dén 150°C, tét hon nira ndm trong khoang tir 20°C dén
100°C, tét hon nhiéu nira nim trong khoang tir 40°C dén 80°C, va t6t nhit nam trong

khoang tir 50°C dén 70°C.

Nguon cap chit 16ng hydrocacbon chta thiiy ngan dugc phan ting véi chat long
ion & 4p suét khi quyén (khoang 100kPa), mic du ap xudt trén va ap suat dudi cua ap
suat khi quyén ciing c6 thé duoc st dung néu mudn. Vi du, quy trinh nay cé thé tién
hanh & ap sudt tir 10kPa dén 10000kPa, t5t hon nim trong khoang tir 20kPa dén

1000kPa, tét hon nita nim trong khoang tir 50 dén 200kPa, va tdt nhit nim trong
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khoang tir 80 dén 120kPa.

Nhin chung, s& la kinh té nhat khi cho ngudn cip chit 16ng hydrocacbon chira
thity ngan phan tmg v6i cht 1ong ion ma khong st dung cta nhiét, va dong san pham
clia nha may loc dau co thé duge xu ly thuéan tién & nhiét do ma tai nhiét do d6 chung

¢6 thé phan tmg duoc tir nha may loc diu, thuong 1a 1én dén 100°C.

Chét 16ng ion duge cho phép tiép xuc véi ngudn cip chét l6ng hydrocacbon
chira thiy ngén trong khoang thoi gian du dé it nhdt mot phin thuy ngén trong ngudn
cap chéit long hydrocacbon chira thily ngdn chuyén hoéa thanh pha chat long ion.
Khodng thoi gian thich hop nim trong khoang tir 0,1 phut dén 5 gio, t&t hon ndm trong

khoang tir 0,2 phut dén 2 gid, va tét nhit nim trong khoang tir 0,5 phut dén 1 gio.

Sang ché dé cap dén quy trinh loai bo thuy ngan ra khoi ngudn cp chat long

hydrocacbon chtra thuy ngan, quy trinh nay bao gdm céc budc:

(i) cho ngudn cép chét léng hydrocacbon chtra thity ngéan tiép xuc véi mudi
metallat dugc mang trén chit mang ran, trong trudong hgp nay mudi metallat co cong

thuc:
[Q+] [(MX+)11(Ly ')m] (nx-my)
'[I'Ong dé

mdi M** doc 1ap 1a cation kim loai [M*], 1a mdt hodc nhiéu cation kim loai dugc

chon tir cation kim loai chuyén tiép c6 trang thai oxy hoa la +2 hodc cao hon;
mdi LY doc 1ap 1a phdi tir ¢6 dién tich 13 y-;
nlal, 2 hodc 3;
mla2, 3,4,5,6,7hoac 8;
xla 2, 3,4, 5 hoic 6;
yl1a 0, 1, 2 hodc 3,
(nx-my) la s6 4m, va
[QF] 1a m6t hoidc nhiéu cation vo co co téng dién tich la (my-nx); va

(ii) tach ra tir chit 16ng ion san pham chét 16ng hydrocacbon c6 ham luong thuy

ngan giam so voi nguoi cap chat 1dng chira thuy ngan.
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Cén phai hiéu ciu triic chinh x4c cua anion metallat 1a [(M*)a(LY)m] ™™, va
theo do, cac gia tri ciia n, m, X va y, phu thugc vao céac chét héa hoc cta cac kim loai
va phdi tr dic biét dugc st dung. Chu trac phit hop c6 thé d& dang duoc luan boi
nhitng nguoi c6 trinh do trung binh trong linh vuc ky thuat nay bang cach sir dung cac

nguyén ly co ban cia héa hoc phdi hop.

T6t hon 13, mdi LY- doc 1ap duoc chon tir loai anion [X°] nhu da mo ta trén day,

cling nhu cac loai anion [O%] va [S*].

Tét hon la, mdi LY doc lap duoc chon tu anion halogenua, cac ion
perhalogenua, cac anion cacboxylat, [0*] va [S¥]. Ching han, mdi L c6 thé doc lap
duoc chon tir [F], [CI], [Br], [II, [N3], [NCS], [NCSe],, [NCOJ, [CN], [R*COa],

trong d6 nhom R? 1a nhu duge x4c dinh trén day, [0%] va [S*].

Cac anion dugc wu tién dic biét bao gdm [FeCls], [CuCly]*, [CurClg]* va

[MoS4]?.

[Q*] t6t hon la mdt hodc nhiéu ion duge chon tir [Li]*, [Na]*, [K]*, [Mg]*,

[Ca]?*, va [NH4]". Tét hon la, [Q*] 1a mét hodc nhiéu ion duge chon tir [Li]*, va [Na]".

Phu hgp véi khia canh nay cia sang ché, cac mudi metallat dugc uu tién dic

biét bao gdm [LiJ*2[CuaCl]>, va [Li]*2[CuCL]? .

Phit hop sang ché, mudi metallat dugc mang trén chit mang ran tot nhit 1a phan
Gmg véi ngudn cip chit 16ng hydrocacbon chira thiy ngan & nhiét do tr 0°C dén
250°C, tét hon nam trong khoang tir 10°C dén 150°C, tét hon nita nim trong khoang
tr 20°C dén 100°C, tét hon nhidu nita nim trong khoang tir 40°C dén 80°C, va tét nhét

nam trong khoéang tir 50°C dén 70°C.

Ngudn cap chét long hydrocacbon chira thity ngan c6 thé duoc phan ung véi
mubi metallat duoc mang trén chit mang rin & ap xuét khi quyén (khoang 100kPa),
mic du vy, ap sudt cao hon hoic thdp hon ap suét khi quyén ciing ¢ thé dugc st
dung néu mudn. Vi du, quy trinh nay cé thé duoc tién hanh & ap suét tr 10kPa dén
10000kPa, t&t hon nim trong khodng tir 20kPa dén 1000kPa, t&t hon nita nim trong
khodng tir 50 dén 200kPa, va tdt nhat ndm trong khoang tir 80 dén 120kPa.

Noi chung, s& 1a kinh té nhét khi cho ngudn cip chat long hydrocacbon chtra

thuy ngén phan ang véi mudi metallat dugc mang trén chit mang ran ma khong st

-28-



23033

dung nhiét, va dong san phém cuia nha may loc dau co thé duoc xu ly thuéan tién &
nhiét do ma tai nhiét d6 d6 chung c6 thé ndi 1én khoi nha may loc dau, thuong la lén

dén 100°C.

Mudi metallat duoc mang trén chét mang rdn dugc cho phép phan Uung voi
ngudn cép chit 16ng hydrocacbon chtra thily ngan & khoang thoi gian du dé it nhat mot
phan thiy ngan trong ngudn cAp chét long hydrocacbon chira thily ngan chuyén sang
pha chét 16ng ion. Céc khoang thoi gian thich hop bao gom tir 0,1 phat dén 5 gio, tét
hon nam trong khoang tir 0,2 phut dén 2 gio, va tét nhat nim trong khoang tur 0,5 phut
dén 1 gio.

Phu hop véi sang ché, ngudn cip chat [6ng hydrocacbon chira thily ngan cé thé
dugc phan (g véi chat 16ng ion hodc mudi metallat duoc mang trén chat mang rén

bing mot trong hai quy trinh, quy trinh lién tuc va quy trinh gian doan.

Khi str dung chit 16ng ion khong duoc ¢d dinh, chit l6ng ion va ngudn cip chit
I6ng hydrocacbon chtra thily ngan c6 thé duge tiép xtc bing cach st dung cac hé
thdng tiép xtc 16ng - [6ng hodc 16ng - khi phti hgp v6i sang ché. Vi du, chét long ion
va ngudn cip hydrocacbon chira thily ngan c6 thé dugce tiép xtic bing céach sur dung
mat thiét bi tiép xuc long — 16ng nguge dong, mot thiét b tiép xuc long — long cung
dong, mot thiét bi tiép xuc 16ng — khi nguoc dong, hodc mot thiét bi tiép xuc long — khi

cung dong.

Khi str dung chét long ion duoc cb dinh hodc mudi metallat dugc mang trén
chat mang rén, viéc cho tiép xtic tot nhit 1a nén thuc hién bang cach sur dung mot thiét
bi tiép xuc tdng cb dinh trong d6 ngudn cép chét long hydrocacbon chtra thily ngén
dugc di qua tang ¢b dinh cua chét 16ng ion dugc mang trén chit mang rin hodc mudi
metallat dugc mang trén chit mang rin. Cac thiét bi tiép xuc phu hop bao gdm cac
thiét bi tiéo xuc lién tuc tang ¢ dinh, ching han nhu thap cha tang c¢d dinh, va cac thiét

bi tiép xuc gian doan tang c¢d dinh.

Viéc cho ngudn cip chét long hydrocacbon tiép xtic voi chét 16ng ion hoac voi
mudi metallat duoc mang trén chét mang ran co thé duoc thuc hién lién tuc cho dén
khi khd ndng oxy héa ctia chat long ion/mudi melallat duoc mang trén chit mang rin
giam xuéng dudi mac do c6 ich, & giai doan ma chat 1éng ion/mudi metallat dugc

mang trén chat mang rin duoc thay thé.
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Trong quy trinh gian doan, chét 16ng ion hodc mudi metallat dugc mang trén
chit mang ran co thé dugc tai st dung v&i mot loat cac 16 ngudn cip chit long
hydrocacbon, cho dén khi kha nang oxy hoa cua chit 16ng ion/mudi metallat duoc

mang trén chat mang ran gidm xuong dudi muac do hiru ich.

Phi hop véi quy trinh, chit long ion hodc mudi metallat dugc mang trén chit
mang rin theo sang ché tach chiét it nhat 60% khdi luong thily ngan ctia ngudn cép
chit 16ng hydrocacbon chira thuy ngan. Tét hon 13, chét 10ng ion va mudi metallat &
dang ran tach chiét it nhat 70% khéi luong, tét hon nira 1a 80% khéi luong, tot hon
nhiéu nira 1a 90% khdi luong, t8t hon nhiéu nira 1a 90% khoi luong, t&t hon nhiéu nua
1a it nhat 95% khéi luong, va tot nhét 1a trén 99% khéi lugng thuy ngan cua ngudn cip

chit léng hydrocacbon chtra thuy ngan.

Theo d6, phu hop véi quy trinh theo sdng ché, san pham chat long hydrocacbon
thu dugc chua it hon 40% khéi lugng, t6t hon 1a it hon 30% khéi luong, tdt hon nita la
it hon 20% khoi luong, tdt hon nhiéu nira 1a it hon 10% khoi luong, t&t hon nhiéu nira
1a it hon 5% khdi lwong va tbt nhit 1a it hon 1% khéi lugng thiy ngan cia ngudn cap

chit long hydrocacbon chura thuy ngan.

Tét hon 1a nong do thuy ngan trong san phdm chit léng hydrocacbon cua quy
trinh theo sang ché co ty 1¢ thap hon 50ppb, tét hon la thip hon 10ppb, tét hon nita la
thip hon Sppb, tt hon nhiéu nira 1a thdp hon 2ppb, tét hon nhiéu nita 1a thdp hon
1ppb, tét hon nhiéu nita 14 thdp hon 0,5ppb, tdt hon nhiéu nita la thip hon 0,2ppb, va
t6t nhat la thdp hon 0,1ppb.

Chat 1ong ion ¢6 thé thu duoc chira it nhit 2% khdi lugng thuy ngéan, tot hon 1a
chira it nhat 5% khbi luong thiy ngén, t6t hon nita 1a ch(a it nhat 10% khoi luong thiy
ngén, tot hon nhidu nita la chira it nhat 15% khéi lugng thiy ngan, va tét nhit 1a chta
it nhat 20% khdi lwong thiy ngan, trén tong trong luong chét 16ng ion va thuy ngan va

loai trir cdc chat mang ran bat ky dugce st dung.

Thém vao do, quy trinh theo sang ché c6 thé duoc lap lai trén ngudn cp chét
l6ng hydrocacbon chtra thuly ngén tuong tu trong mot loat céc phan ting, chang han hai
dén muoi phan tng, dé c6 duoc mot giai lién tiép ham luong thiy ngan trong san
pham chét 16ng hydrocacbon ¢ timng bude. Ngoai ra, quy trinh theo sdng ché c6 thé su

dung b6 sung quy trinh loai b6 thiy ngan thong thuong khac. Tuy nhién, mot loi thé
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ciia sang ché 1a tranh duoc nhitng budc cin thiét nhdm tién xa 1y chat léng

hydrocacbon dé loai bo céc chét ran trude khi loai bo thuy ngan.

Cén phai hiéu 16 quy trinh theo sang ché d& cap dén quy trinh chi c6 mot bude
dé loai bo thiy ngan ra khoi hydrocacbon. Nhu vy, quy trinh nay c6 thé sin sang
duoc dua vao mdt quy trinh da ting nguyén lidu hydrocacbon, nhu dau thd, dugc su
dung trong cic nha may loc dau thuong mai. Cac quy trinh da ting dic trung cla
hydrocacbon lién quan dén céc quy trinh nhu chung cét, crackinh, qua trinh khur axit
va qué trinh khir luu huynh. Nhing quy trinh nay déu duoc biét rd boi nhitng ngudi ¢o

trinh d¢ trung binh trong linh vuc k¥ thuat nay.

Viéc str dung chit 1ong ion dd md ta trén ddy dé loai bo thuy ngan ra khoi
ngudn cap hydrocacbon chira thiiy ngan duge dé xuat. Tét hon 14, viée st dung nay

bao gdm hodc chtra quy trinh dd md ta.

Viéc st dung chét long ion dugc mang trén chit mang rin nhu da mo ta trén
day, dé loai bd thuy ngan ra khdi chat léng hydrocacbon dugc dé xuat. Tot hon 1a, viéc
st dung nay bao gobm hodc chtra quy trinh da mo ta.

Theo khia canh thtr hai, sdng ché mo ta viéc su dung mudi metallat dugc mang
trén chat mang rdn nhu di mo ta trén day, dé loai bo thily ngan ra khoi chét long
hydrocacon chtra thity ngan. Tot hon 1a viéc s dung nay bao gom hodc chira quy trinh
da mo ta.

Sau ddy sdng ché s& duoc mo tA mot cach chi tiét hon bang céc vi du véi su
tham chiéu dén hinh vé& kém theo. Tuy nhién, can phai hiéu rang, cac vi du nay chi voi
muc dich minh hoa cho sang ché va khong lam gi6i han pham via ctia sang ché.

Vi du thuc hién sang ché

Trong cac vi du sau:

¢ [Comim] chi cation l-alkyl-3-metylimidazoli trong d6 nhom alkyl chta n

nguyén tr cacbon.

* [Nwxyz chi cation tetraalkylammoni trong d6 nhém alkyl c¢6 w, x, y va z

nguyeén tir cacbon tuong Uing.

* [Pwxyz] chi cation tetraalkylphosphoni trong d6 nhom alkyl c6 w, X, y va z

nguyén tir cacbon tuong ing.
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Vi du 1: Chiét nguyén t6 thiy ngén bang cac chat 16ng ion chia dong

1-Butyl-3-metylimidazoli clorua (5g, 29mmol) va dong(Il) clorua dihydrat (5g,
29mmol) dugc két hop trong mot chiée binh va dun néng 1én 70°C trong chén khong,

thu dugc chat dau nhgt mau vang nau.

0,037g dau duogc phan g véi 0,0183g nguyén td thuy ngin va dun néng trong
mot 6ng duoc bit kin dén 60°C qua dém, thu dugc chét long ion mau xanh sédng, nhat
chira 16p két tha mau tring nhat. 10cm? nude khir ion duoc thém vao hdn hop, loc va
pha lodng v6i 50cm?. 1em?® dung dich pha lodng tiép tuc dugc pha lodng dén 50cm? véi
nude khir ion. Dung dich thu duge duge phan tich ham luong thiy ngan bang cach st
dung thiét bi phan tich thiy ngan truc tiép Milestone DMA-80. Dung dich dugc phat
hién chtra 3,27+0,21ppm thily ngéan, chimg to rang 0,22g thiy ngan trén mdi gam chat
léng ion ban dau da chuyén thanh ion hoa tan trong nude, so voi su hap thu 1y thuyét

ctia 0,294¢/g thity ngan dua trén su giam dién tir ctia Cu(Il) xuéng Cu(l).
Vi du 2: Chiét nguyén t6 thily ngan bang chét 16ng ion chira dong

Chat 16ng ion chira dong (II) cuia vi du 1 duoc két hop v6i 0,355g nguyén td
thuy ngan va dun néng 1én 60°C qua dém. Hon hop thu duoc duge phan tich nhu vi du
1, va phat hién chtra 7,02+0,24ppm thiy ngén trong dung dich phan tich, tuong tng

v6i 18,6% khdi luong thiy ngan hoa tan.
Vi du 3: Chiét nguyén t6 thuy ngan tir dodecan

Chét 1ong ion duoc didu ché tir 1-butyl-3-metylimidazoli clorua va dong (II)
clorua dihydrat theo ty [¢ mol 2:1. 0,18¢g chét I6ng ion duoc thém vao mdt lo mau véi
10cm? dodecan chtra 1000ppm nguyén t6 thiy ngan, va hdn hop thu dugc duoc khudy
qua dém & 60°C. Pha dodecan thu dugc dugce phan tich ndng do thiiy ngan tdng sb va
phat hién chtra 34,9ppb thdy ngén.

Vi du 4: Chiét thuy ngén (II) clorua tir dodecan

Chat léng ion dugc didu ché tir 1-butyl-3-metylimidazoli clorua va dong(Il)
clorua dihydrat theo ty 1& mol 2:1. 0,275g chét 16ng ion dugc cho vao mdt lo mau voi
10cm® dodecan va 0,069g HgCly, twong mg véi ham lugng thiy ngén tong sb la
8115ppm, va hon hop thu duge duge khudy qua dém & 60°C. Pha dodecan thu duoc

duoc phan tich ndng do thuy ngan téng s6 va phat hién chira 42,75ppb thiy ngan. Chat
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long ion dugce phat hién chira 176.000ppm thuy ngan.

Thém tiép vao hdn hop 0,0397g HeClp roi khudy trong 1 gio & 60°C. Pha
dodecan thu dugc dugc phéan tich ndng do thuy ngan tong sé va phat hién chua
96,75ppb thily ngén, tirc 14 0,46% ndng do thay ngan ban dau. Chit 16ng ion dugc phat
hién chura 292.000ppm thay ngan.

Vi du 5: Chiét thiiy ngan (II) oxit tir dodecan

Chat léng ion duoc diéu ché tir 1-butyl-3-metylimidazoli clorua va ddng (I1)
clorua dihydrat theo ty 1& mol 1a 2:1. 0,22g chét 16ng ion dugc cho vao mét lo mau véi
10cm® dodecan va 0,0114g HgO tuong tng véi nong do thuy ngan tdng sb la
1696ppm, va hdn hop thu dugc duge khudy qua dém & 60°C. Pha dodecan thu dugc
duogc phén tich ndng do thuy ngéan tdng sb va phét hién chira 13,25ppb thuy ngan. Chat

long ion dugc phét hién chira 4,8% khéi luong thuy ngan.

Thém tiép vao hdn hop 0,0152g HgO rdi khudy trong 1 gio & 60°C. Pha
dodecan thu duge dugc phan tich nong do thiy ngan tong s& va phat hién chia

69,95ppb thily ngan. Chat 1ong ion duoc phét hién chia 11,1% trong luong thuy ngan.
Vi du 6: Chiét nguyén t6 thiy ngén tir dodecan

Chat long ion dugc didu ché tir 1-butyl-3-metylimidazoli clorua va dong(Il)
clorua dihydrat theo ty 1é mol 2:1. 0,23g chat léng ion duoc cho vao 1 lo ¢6 10ecm?
dodecan chitra 0,0488g nguyén té thiy ngén, va hdn hop thu duoc nay dugc khuay qua
dém & 60°C. Pha dodecan thu dugc duoc phan tich ndng do thuy ngén tong sé va phat
hién chira 946,7ppb thiy ngan. Chat 1éng ion duoc phat hién chira 21,2% ham luong
thuy ngan. Hon hop thu duge chira IL bdo hoa véi thiy ngan, hydrocacbon bio hoa

v6i thily ngan va mot lugng nhoé nguyén t6 thuy ngén phan tan.

Thém tiép vao hdn hop 0,0768g chit 1ong ion roi khudy trong 1 gio & 60°C. Pha
dodecan thu dugc dugc phan tich ndng do thuy ngan téng sb va phat hién da giam

xudng con 65,55ppb thiy ngén.

Két qua ctia cac vi du tir 3 dén 6 dugc duoc trinh bay trong bang 1.

Bang 1
Vi du sb [Hg] ,déu trong | [Hg] cubi | Hg trong IL/%
hé thong/ppm | trong Ci2/ppb
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3 Hg(0) 0,00202 34,9 0,0000069
Pién tich dau cia Hg

4 HgCl, 8115 42,75 18,5

5 HgO 1696 13,25 4,8

6 Hg(0) 7833 946,7 21,2

Dién tich thir hai cua Hg

4 HegCl 12784 96,75 29,2

5 HgO 3958 69,95 11,1

bién tich thu hai cua IL

6 Hg(0) 7738 65,55 15,9

[Hg] chi ndng do thiy ngén
C-12 chi dodecan

Vi du 7: Chiét nguyén t6 thiy ngan bang chét 16ng eutecti cd-lin clorua/etylen chira

dong

Hdn hop gdm cb-lin clorua (30g) va etylen glycol (60g) dugc didu ché bang
cach tron 1an va dun nong dén 50°C dé dam béo co-lin clorua duoc hoa tan hoan toan
theo quy trinh la nhu dugc x4c dinh bai Abbott va cac cong su, PCCP 2009, 11, 4269.
Sau doé déng clorua dihydrat (1,3g, 7,6mmol) dugc thém vao eutecti coO-lin

clorua/etylen glycol (4,76g, 11,4mmol) thu duoc mot chit 1ong mau xanh den.

Nguyén té thiy ngan (0,35g) duoc cho vao mau chét long eutecti (0,85g) va
dun néng qua dém & 60°C. Mot lugng 1on két tia mau xanh nhat dugc hinh thanh.
Chat mau chira 0,17g chét l6ng dugc pha lodng véi Sem® nude khir ion thu duge mot
dung dich mau xanh nhat va két ta trang. Dung dich duoc pha lodng va hoa tan dén
50cm’, va 1cm?® dung dich hoa tan tiép tuc duoc hoa tan dén 50cm? véi nude khi ion.
Dung dich thu dugc duogc phan tich thiy ngan bing cach str dung thiét bi phén tich
thity ngan truc tiép Milestone DMA-80. Phat hién ra chit long eutecti chtta 16,9%

khéi lugng thuy ngan hoa tan trong nude, trén hon hop eutecti goc.

Vi du 8: Chiét nguyén té thuy ngén bang cac chét 16ng ion chira céc anion metallat

khac nhau

Vi du nay khao sat hiéu qua cta chat long ion chira c4c anion metallat khéac

nhau trong viéc khai thac s6 luong 16n nguyén t thiy ngan. Mau g6m mdi chit 1ong
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ion duoc ti€p xuc voi so lugng 16n nguyén to thuy ngan, va khuay ¢ 60°C qua dém, va

mau nhé céc chat 16ng ion thu dugce duoc chiét vao nude va phan tich ham luong thiy

ngan hoa tan theo quy trinh da mo ta trong vi du 1. Céc chét 1éng ion duogc st dung va

két qua thu duoc nay duoc trinh bay trong bang 2.

Bang 2

Chét 16ng ion/Mubi kim loai

(ty 1& mol IL/mudi kim loai)

[Hg] trong IL sau
khi  phadn Ung
/ppm

Phan tram  khéi
luong thdy ngén
hoa tan trong 1L,

[Comim][Cl1]/CuCl; (2:1)
[N4.4.4.1][CI]/CuCly (2:1)

[N4.4.4.1][Cl]/CuCl2.2H,0 (2:1)
[C4min][Br]/CuBr; (2:1)

212604
158917

[Camim][C1}/CuCl.2H0 (2:1) | 255241

151753
30542

21,3
15,9
25,5
15,2
3,1

Vi du 9: Chiét nguyén t6 thiy ngan bang cac chét 16ng ion dugc ¢b dinh

Vi du nay cho thiy anh huéng cta cac cation khac nhau trén viéc chiét nguyén

t6 thiy ngan tir phan ngung tu khi thién nhién (tr PETRONAS Onshore Gas Terminal,

Kerteh, Malaysia)

Mot loat cac chat 16ng ion duogc tao thanh bing cach st dung chét 1ong ion

[Q][CI1] va CuCl; (trong truong hop [Q] 1a cation 1ong ion) ¢o6 ty 1& mol 2:1. Silic oxit

duoc séy kho Davisil SP540 duogc cho vao mdi chét long ion dé téng hop cac chét [ong

ion dugc cb dinh chtra 1% khéi lugng Cu(Il) (dao dong tir 7,5 dén 17% khéi luong IL

phu thudc vao cation). Chat 1éng ion dugc mang trén chat mang ran dugc nén vao mot

tdm silicon mong va dugc tiép xtc v4i ngudn cap chtra thiy ngin ¢ dic da duoc

khudy trong 3 gid. Mot su so sanh sir dung silic oxit khong c6 chat 1ong ion cling dugc

dé cap dén. Két qua dugc trinh bay trong bang 3.

Bang 3

Khoi luong Khéi lugng [Hg] ban [Hg] cudi [Hg] cudi
[Q] IL trong Hg trong dau trong trong trong dang

nude/g dang ngung dang ngung nudc/ppm  IL /ppm

tu /ng tu /ppm

[C4mim] 0,0032 1455 455 361 4750
[Po6o14] 0,0032 1228 383 289 1562
[Na4a1] 0,0053 1600 301 207 2070
Silic oxit 0,0055 521 94 0 0
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“Bao gdm chét chit mang rin
Vi du 10: Chiét nguyén t6 thiy ngén tir céc chét 16ng ion dugc ¢b dinh

Vi du nay cho thay anh hudng cia céc cation khac nhau trong viéc chiét nguyén

t6 thuy ngén tir hexan.

Mot loat céc chét long ion clometallat dugc tao thanh tir cac chét long ion cé
cong thire [Cat*][Cl] va CuCly véi cac ty 1& mol khac nhau. Cac chét 1ong ion duoc tim
vao hat silic oxit Xép (Johnson Matthey, duong kinh 2-4mm, dién tich bé mat
122m%/g) va tiép xuc voi haxan véi sy ¢6 mit cia ngudn cap nguyén té thiy ngan
trong mot bé phan tmg dang dugc khudy trong chu ky 18 ngay. Céac thanh phan IL
dugc mang trén chat mang ran duoc xac dinh cho mdi IL sau 6 ngay, 13 ngay va 18

ngay, va két qua da dugc chi ra trong bang 4.

Bang 4
Ngay  [Hg] [Hg] Hg dang Nang suit Quy trinh
IL dang dang hat hat /% Hg caaIL bdo hoa
dung /ppm khi theo ly
dich luong thuyét
/ppm
[Ps6614]C1:CuCly 6 0,7227 651 0,17 0,84972 7,66%
2:1 13 1,9375 1120 0,11 0,84972 13,18%
18 2,5043 2003 0,20 0,84972 23,58%
[Camim]Cl:CuCl, | 6 3,3750 2446 0,24 2,01637 11,86%
2:1 13 6,2767 5062 0,51 2,01637 24.56%
18 60,9473 5838 0,58 2,01637 28,32%
[Camim]Cl:CuCl, | 6 2,5714 1773 0,18 3,23525 5,8%
1:1 13 4,9129 3388 0,34 3,23525 10,47%
18 9,2259 6363 0,64 3,23525 19,67%
[Ns441]CL:CuCla 6 2,7097 2203 0,22 1,65224 13,33%
2:1 13 6,0009 2927 0,29 1,65224 17,72%
18 6,3139 6577 0,66 1,65224 39,81%
[Na441]CL:CuCla 6 3,0407 2534 0,25 2,70653 9,36%
1:1 13 60,3527 3208 0,32 2,70653 11,58%
18 7,8380 5559 0,56 2,70653 20,54%
[Ns441]CL:CuCla 6 3,2485 1511 0,15 8,20161 1,84%
30% chuyén déi | 13 4,9564 1967 0,20 8,20161 2,40%
1:1 18 9,6332 8164 0,82 8,20161 9,95%

Vi du 11 : Chiét nguyén td thiy ngan bang cac cht 1ong duoc ¢d dinh

Vi du nay cho thay viéc chict thiy ngan duéi diéu kién canh tranh khoi haxan
vao céac chat 16ng ion va cdc muoi 16ng khong ion da duoc thAm vao khoi cau silic oxit

(Johnson Matthey, duong kinh 1,7-4mm, dién tich bé mat 135m?.g™!) va than hoat tinh

-36-



23033

Calgon AP4-60. Piéu kién phan tng nhu trong vi du 10. Dt liéu trong bang 5 chi ra
réng vat lidu duoc ¢b dinh trén silic oxit cho su hép thu thuy ngéan l6n hon so vai vat

liéu duoc ¢ dinh trén than hoat tinh dudi diéu kién chiét canh tranh.

Béang 5
Chét long ion va | [Hg] Hg dang Sai so | [Hg] Hg dang Sai so
chit mang dang hat hat /% (%) dang hat hat /% khéi (%)
/ppm khéi /ppm luong
luong
Sau 3 ngay Sau & ngay
[bmim]Cl/CuCl, | 857 0,086% 0 3560 0,3560% 0
(I:1 trén Silic
oxit hinh cau)
[bmim]Cl/CuCl, | 535 0,054% 5 882 0,0882% 3
(1:1 trén AP4-
60)
Co-lin: 400 0,040% 3 788 0,0778% 27
EG/CuCl2  (1:1
trén AP4-60)
Co-lin: 217 0,022% 69 1024 0,1024% 18
EG/CuCl,  (2:1
trén AP4-60)
[bmim]Cl/CuCl | 110 0,011% 11 950 0,0950% 26
(2:1 trén AP4-
60)
[N44.4.1]Cl/CuCly | 502 0,050% 27 966 0,0966% 15
(2:1 trén AP4-
60)

Vi du 12: Chiét nguyén t6 thily ngan bang cac mubi 16ng ion va cac mudi long khong

ion.

Vi du nay cho thiy viéc chiét thiy ngan tir hexan vao cac chét long ion va cac
mudi metallat 16ng khong ion da duge thim vao hat silic oxit véi co duong kinh dao
dong ¢ mot trong hai khoang 0,7 dén 1,4 hodc 1,7 dén 4,0mm (ex Johnson Matthey).

Diéu kién phan ting nhu trong vi du 11. Dit liéu duge trinh bay & bang 6.

Bang 6
Chat long ion va | [Hg] Hg dang Saisd [Hg] Hg dang Saisd
chit mang dang hat hat /% dang hat hat /%
/ppm khéi lugng /ppm khoi luong
Sau 3 ngay Sau 8 ngay
[NysH]Cl/CuCl, | 3311 0,331 15 14324 1,43242 0,63
I:1 10% trén
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Si#5
[N444H]Cl/CuCl
1:1 20% trén
Si#5
[N444H]Cl/CuCl
[:1 30% trén
Si#5
[Ny441]Cl/CuCl,
1:1 10% trén
Si#5
[N4441]C1/CuCla
1:1 20% trén
Si#5
[N4441]Cl/CuCl,
1:1 30% trén
Si#5
[N4441]C1/CuCl,
1:1 10% trén
Si#l
[N4441]C1/CuCla
1:1 20% trén
Si#2
[Ny441]Cl/CuCl,
1:1 20% trén
Si#4
[Naga1]2M0S4
trén Si#5
[Ne6614]2M0S4
trén Si#5
[NH4]2MoS4
trén Si#5

5092

6407

1919

4725

9713

7743

10237

12936

298

642

61

0,509

0,640

0,192

0,472

0,971

0,774

1,207

1,294

0,030
0,064

0,061

5

0,7

21

53

22

36

4
4

15

14128

14298

7680

18499

14834

26112

27432

26073

3971

2927

5076

1,41277

1,42978

0,76802

1,84986

1,4834

2,61119

2,74316

2,60728

0,39705
0,29272

0,50763

0,90

0,19

1,87

2,13

0,18

0,25

4,62

0,16

4,51
8,81

7,83

Vidu 13: So sanh hi€u suat chiét cac chat 16ng ion dugc mang trén chat mang ran chtra

cac aion metallat, cdic muoi metallat 16ng khong ion dugc mang trén chat mang rin, va

cac mudi khong metallat 10ng khong ion.

Vi du nay dé xudt so sanh hiéu suét chiét cua hat silic oxit duoc thdm CuCl,,

LiCl/CuCl; (theo ty I¢ 1:1, tao thanh anion metallat Cu,Cle>), va [Na441]Cl/CuCly

(theo ty 1¢ 1:1, cling tao thanh anion metallat CuzCle>). Dit liéu trong hinh 1 cho thay

mot su cai thién rd rang trong viéc chi€t cing véi cac mudi chira cic anion metallat, va

cai thién hon nira khi mot chét long duoc sir dung.

Vi du 14: Chiét chét 16ng IL cta thity ngan tong s tir chit ¢6 dic bang viéc st dung

[C4mim]CI/CuCly .2H,0 (theo ty 18 2:1).

Thanh phéan chét 16ng ion nay 13, [Camim]Cl/CuCly.2H,0 (theo ty 16 2:1), dugc
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diéu ché bang cach két hop truc tiép, voi sy 1am noéng hai thanh phén 1-butyl-3-
metylimidazoli clorua va dong (II) clorua dihydrat. Phin ngung tu khi thién nhién
duoc tiép xic voi chat 1ong ion theo ty 1& ngung tu va khéi luong IL 1a 50:1, khudy &
nhiét do trong phong va cdc pha ngung tu cé kich thudc cao hon dugc phan tich dinh
ky bang phuong phap phén tich thity ngén truc tiép, xtr dung thiét bi phan tich thuy
ngan Milestone DMA-80. Két qua dugc trinh bay trong bang 7, va cho thy ring sau
60 phut, khoang 75% thuy ngan da bi loai bo, va sau 1 gio, ham lugng thuy ngan giam

xudng con it hon 3ppb.

Bang 7
S6 lan /phtit | Nong do thily ngdn ngung tu /ug kg™' (ppb)
0 96,95
20 62,47
40 36,84
60 25,63
1440 2,58

Vi du 15: Loc hoi thity ngén ra khéi khi bing céc chat long ion duoc ¢b dinh.

Chiét thuy ngan tir mot dong khi da duoc chirng minh bang cach di qua ludng
khi chtra thity ngan (ndng do thuy ngén tir 20-30mg/m? , tde do chay 60ml/phut) thong
qua mdt bé phan tng éng (4" ss éng c6 do day 0,035") chia 0,1g, ca 0,2cm’ chét long
ion dugc c¢b dinh (chiéu dai chit mang la 1,2cm). Ham luong thuy ngan tai cac 10 phan
ting dugc do dinh ky bang cach rut mau khi va phan tich bang cach sir dung thiét bi

phan tich thuy ngan PSA Sir Galahad. Gi6i han phat hién cho phép do 1a 2ug/m?.

Két qua kiém tra v6i cac chit long ion duge mang trén than hoat tinh va cac
silic oxit x6p duge trinh bay trong bang 8 va do thi trong Fig. 2, so sanh v&i mot thur
nghiém so sdnh v&i than hoat tinh ¢6 thdm luu huynh thuong mai, va cho thy ring tat
cac 4 chét long ion dugc ¢ dinh déu c6 hiéu qua hon so véi than hoat tinh dugc thim

luu huynh thuong mai trong viéc loai bo thuy ngan.

Bang 8

Chat tong hop Thoi gian phdt Nong do thuy Ty 1& thuy
hién thiy ngan ngén do & ngan chuyén
tai chd thoatra bude dot pha doi trong qué
(h) (ug/m?) trinh chiét

budce dot pha
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Vidul

Vidu?2

Vidu3

Vi du 4

Vidus

[C4mim]Cl/CuCl,
1:1 10% khbi
lugng duoc thAm
vao than hoat
tinh Calgom
AP4-60
[N4441]Cl/CuCly
1:1 12% khoi
lugng duoc thAm
vao Calgon AP4-
60
[Camim]Cl/CuCl,
1:1  10% khdi
lugng dugc thAm
vao silic oxit xbp
(Johnson
Matthey, SA 135
m?/g, PV 0,85
cm®/ml)
[Csmim]Cl/CuCly
1:1  10% khobi
luong dugce thdm
vao silic  oxit
dang hat bang

xOp (Grace
Davison Davicat
SI1157)

Tho nghiém so
snh  voi  than
hoat tinh duoc
thim Iuu huynh
thuong mai
(Chemviron
Cacbon, Calgon-
HGR)

27

22

34

37

18

110

13

11

97

2,43

1,98

3,06

3,33

1,62
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YEU CAU BAO HO
1. Quy trinh loai bé thiy ngan ra khoi ngudn cip chat 16ng hydrocacbon chira thuy
ngén, quy trinh nay bao gdm céc budc:

(i) cho ngudn cip chét 16ng hydrocacbon chtra thuy ngén tiép xic v6i mubi metallat

duoc mang trén chat mang rin, trong d6 mudi metallat nay c6 cong thuc:
[QIV (LY )] )
trong do:

mdi MX* doc 1ap 1a cation kim loai [M*] ma 12 médt hodc nhiéu cation kim loai

duogc chon tir cation kim loai chuyén tiép co trang thai oxy héa 14 +2 hodc cao hon;
mdi LY" doc lap 1a phéi tir co dién tich y-;
nlal, 2 hodc 3;
mla2, 3,4,5,6,7hodc §;
xla2, 3,4, 5 hodc 06;
y1a 0, 1, 2 hodc 3,
(nx-my) la s6 4m, va
[Q*] 1a mot hodc nhiéu cation v ¢o ¢o téng dién tich 1a (my-nx); va

(ii) tach ra tir mudi metallat san phdm chét 16ng hydrocacbon c¢6 ham lugng thily ngén
giam so v&i ngudn cap chét 16ng hydrocacbon chua thiy ngan.

2. Quy trinh theo diém 1, trong d6 [M*] 1a mot hodc nhidu cation kim loai ¢6 trang thai
oxy hoéa it nhét 1a +2 dugc chon tir cation kim loai chuyén tiép hang thir nhit va cation
molypden.

3. Quy trinh theo diém 2, trong d6 [M*] 1a mot hodc nhiu cation kim loai cé trang thai
oxy hoa it nhét 1a +2 dugc chon tir cation sét, cation dong, cation molypden va cation
coban.

4. Quy trinh theo diém 3, trong d6 [M*] 1a mot hodc nhiéu cation kim loai dugc chon
tu Fe** Cu®*, Mo®" | va Co?".

5. Quy trinh theo diém 4, trong d6 [M*] 1a Fe3*.
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6. Quy trinh theo diém 1, trong do mdi LY 12 loai anion doc lap dugc chon tu
halogenua, perhalogenua, halogenua gia, sulfat, sulfit, sulfonat, sulfonimit, phosphat,
phosphit, phosphonat, methit, borat, carboxylat, azolat, cacbonat, carbamat,
thiophosphat, thiocarboxylat, thiocarbamat, thiocarbonat, xanthat, thiosulfonat,

thiosulfat, nitrat, nitrit, percrorat, halometallat, axit amin va borat [O*]va [S*]

7. Quy trinh theo diém 6, trong d6 mdi LY 14 loai anion doc 1ap duoc chon tir [F], [CI]
, [Br], (17, [I3], [LBr], [IBr2], [Br3], [Br2Cl], [BrCLJ, [ICL], [ICI], [Cl3], [Ns],
[NCST, [NCSe], [NCOJ, [CN], [HSO4], [SO4]*, [R*0OSO,0], [HSO3], [SOs3]*,
[RZ0SO,], [R!'SO,07, [(R'SO.:LNJ, [HPOs4], [HPO4]*, [PO4]*, [RZOPO;]*,
[(R?0)PO,],  [H2POs],  [HPOs3}*, [R?0OPO2]*, [(R?0)PO], [R'POs)*,
[R'P(O)(ORH)OT, [(R'S0O,)3C], [bisoxalatoborat], [bismalonatoborat, [R2CO.]", [3.5-
dinitro-1,2,4-triazolat], [4-nitro-1,2,3-triazolat], [2,4-dinitroimidazolat], [4,5-
dinitroimidazolat], [4,5-dixyano- imidazolat], [4-nitroimidazolat], [tetrazolat],
[R2OCS:2], [R:NCS:], [RICSy], [(R?O)PS:], [RS(0):S], [ROS(0)S], [NOs] va
[NO:J,

trong d6: R' va R? doc lap duge chon tir nhém bao gom Ci dén Cio alkyl. Cg
aryl, Ci dén Co alkyl(Ce)aryl, va Cs aryl(C; dén Cio)alkyl, mdi nhom trong s cac
nhém nay duoc thé béng mdt hodc nhidu nhém duge chon tu: flo, clo, brom., ot, Cj
dén Cg alkoxy, C» dén C)2 alkoxyalkoxy, C; dén Cg xycloalkyl, Cs dén Cp aryl, C7 dén
Co alkaryl, C7 dén Cyp aralkyl, -CN, -OH, -SH, -NOy, -CO2R*, -OC(O)R¥, -C(O)R¥, -
C(S)RX, -CS2R*, -SC(S)R, -S(0)(Cy dén Cy)alkyl, -S(O)O(C dén Ce)alkyl, -OS(O)(C;
dén Cealkyl, -S(Ci dén Ce)alkyl, -S-S(Ci dén Cs alkyl), -NR*C(O)NR'R?, -
NR*C(O)ORY, -OC(O)NRYR? -NR*C(S)ORY, -OC(S)NRYR? -NR*C(S)SRY, -
SC(S)NRYR?, -NR*C(S)NRYR?* -C(O)NRYR? -C(S)NRYR? -NRYR? hodc nhom di
vong, trong d6 cac nhom R*, RY va R* ddc lap duoc chon tir hydro hodc C; dén Cg

alkyl, va trong d6 R! cling c6 thé 1a flo, clo, brom hodc iot.

8. Quy trinh theo diém 7, trong d6 mdi L~ 1a loai anion doc 1ap duoc chon tu [F], [CI]
. [Br], (1], [N3], [NCST, [NCSe], [NCOT, [CN], [R2COs], trong d6 R? nhu duoc xéc
dinh trén day, [O*] va [S*].

9. Quy trinh theo diém 8, trong d6 mudi metallat chira anion metallat dugc chon tir

[FeCla]", [CuCly]>, [CuzCle]? va [MoSs]?.
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10. Quy trinh theo diém bt ky trong sb cac diém tir 1 dén 9, trong d6 [Q*] 1a mdt hodc
nhiéu ion dugc chon tir [Li]*, [Na]*, [K]", [Mg]**, [Ca]** va [NH4]".

11. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 10, trong d6 chét mang rin
bao gém hoac chta vat liéu mang xép c6 dién tich bé mat BET tu 10m?.g"! dén
3000m2.g va tot hon 1a trong d6 vat liéu mang ran bao gém hodc chua vat liéu mang

x6p, ¢6 dién tich bé mat BET tir 100 dén 300m?.g™".

12. Quy trinh theo diém bt ky trong s6 cac diém tir 1 dén 11, trong do vét liéu mang
ran duoc chon tur silic oxit, nhom oxit, silic oxit-nhdém oxit va than hoat tinh, va tot

hon néu trong d6 vat liéu mang ran 1a silic oxit hodc than hoat tinh.

13. Quy trinh theo diém bat ky trong s6 cac diém tir 1 dén 12, trong d6 mudi metallat
dugc mang trén chdt mang rin dugc cho tiép xtGic voi ngudn cdp chit long
hydrocacbon chtra thily ngén & nhiét do tir 0°C dén 250°C.

14. Quy trinh theo diém bt ky trong sb cac diém tir 1 dén 13, trong d6 mudi metallat
duoc mang trén chat mang ran duge tiép xtic véi ngudn cip chét 1éng hydrocacbon
chira thay ngan & ap xuét khi quyén.

15. Quy trinh theo diém bat ky trong s6 cac diém tir 1 dén 14, trong do ngudn cip chit
léng hydrocacbon chira thily ngan va mudi metal lat dugc mang trén chit mang rin

duoc tiép xuc trong khoang thoi gian 0,1 phat dén 5 gio.
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FIG.1
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Fig. 2
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