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ABSTRACT

The adsorption of cyanide ion on activated carbon (AC) modified with
metal atoms (Fe, Ni) has been investigated by means of density
functional theory and a climbing image nudged elastic band method.
The obtained results indicate that Fe and Ni atoms strongly interact with
activated carbon surface via formation of chemical bonds. The formed
AC-Fe and AC-Ni has a high cyanide adsorption ability. The adsorption
process of cyanide ion on AC-Fe and AC-Ni systems can be considered
as chemisorption. The results have also shown that the adsorption
process does not involve a transition state. By comparing the calculated
adsorption energies we can suggest that the AC-Ni has higher cyanide

adsorption ability than that of AC-Fe.

Gidi thiéu chung

Céc hap chét chita ion cyanide (CN) dugc coi la nhom
cac chét doc rat manh. Tuy nhién, cac mudi cyanide lai
co vai tro 16n trong nhiéu nganh céng nghiép nhu:
cong nghiép ma, cong nghiép khai khoang, céng
nghiép sdn xudt mau dung cho san, bét vé, dét
nhudém, cédng nghiép san xuét thudc tri sau,... [1]. Do
dugc Ung dung réng rédi ma cyanide c6 mat trong
thanh phan nudc thai ciia nhiéu nganh céng nghiép
khac nhau. Néu khéng dugc xr ly va kiém soat chat
ché, cyanide cé thé gay tac hai Ién cho moi trudng va
stc khoé con ngudi. Quy trinh cong nghé tiéu huy
hodc tai s dung cyanide dé dugc ban hanh theo
quyét dinh S&: 1971/1999/QB-BKHCNMT cua B Khoa
hoc, Cong nghé va Mdi trudng tur ndm 1999 [2]. Theo
do, cyanide dugc xir ly bang cac chét hda hoc, chuyén

héa vé dang it doc hai la Fea[Fe(CN)e]s va chét thai ran
nay sé dugc thai ra moi trudng. Tuy nhién phuang
phép nay tiém &n nhiéu rdi ro, nhu kha nang tai hoa
tan, gidi phong dan cyanide trong madi truong axit,
hodc I&p bun ran tao thanh mét Iép mang ngén can su
ti€p xUc vdi oxy khi & dudi nudc, gay hau qua nghiém
trong déi vai hé sinh théi ty nhién [1]. D3 co rét nhiéu
cac cong trinh nghién cliu trén thé gidi lién quan dén
van dé loai bd cyanide trong nudc thai. Trong cac quy
trinh dang dugc ap dung hién nay van con ton tai mét
s& nhugc diém: hodc diéu kién x(r ly ngat nghéo (cong
nghé oxi hoa bang clo, xr ly bang vi sinh vat), hoac gia
thanh cao (oxi héa bang hydroxy peroxide), hodc hiéu
suét thap (quang xUc tac),...[3,4]. Viéc tim kiém mét vat
liéu mai co khad nang gidi quyét, loai bo cyanide ra khoi
nudc thai van 1a mot van dé cap thiét, thu hat dugc sy
quan tdm clia nhiéu t8 chic kinh té&, xa hoi.
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Trong nhiing ndm géan day, cdng nghé xu ly theo
hudng két hop hép phu - oxi hda dugc coi la mot
trong s6 nhitng gidi phap hla hen cho van dé nay [1].
Trong s cac vat lieu hdp phu phd bién co thé ké tdi
than hoat tinh do vat liéu nay s& htu nhiéu uu diém
nGi bat nhu: co dién tich bé mat riéng 16n, dé dang
bién tinh bé mat, co gia thanh thap, do cé thé san xuét
tlr cac phé phu phdm néng nghiép,....[5]. Nhiéu nghién
cfu thuc nghiém da chi ra rang, su c& mat clia cac ion
kim loai chuyén tiép vi du nhu dong () lam tang kha
nang hép phu ion cyanide cla than hoat tinh va déng
vai tro xUc tac quan trong trong cac phan Uing oxy hoa
cyanide [6,7]. SU dung than hoat tinh va than hoat tinh
bién tinh c6 kha nang hadp phu, oxy hda dugc coi la
giai phap tiém nang cho vén dé xU ly ion cyanide trong
nudc thai cong nghiép.

Trong cong nghé hép phu - oxi hda cyanide, giai doan
hép phu dugc coi la giai doan cé vai tro dac biét quan
trong. Néu giai doan nay thuc hién tét, c6 thé thu gom
mot lugng 16n cyanide trong dung dich 1én bé mat vat
liéu dé phuc vu cho qué trinh oxi hoa tiép theo. Viéc
bién tinh than hoat tinh bang céc kim loai chuyén tiép
la mét hudng di trién vong nhdm tang kha nang hap
phu clia vat liéu. Cac kim loai chuyén tiép duoc dua lén
bé mat vat liéu than hoat tinh c6 thé lam thay d6i dang
ké tuong tac gitta vat liéu hdp phu vdi ion cyanide va
doéng thai, dong vai tro tdm hoat ddng trong phan Ung
oxy hda sau nay [8].

Bai b&o nay trinh bay céac két qua nghién clu ly thuyét
kha nang hdp phu cyanide cla vat liéu than hoat tinh
(AC) bién tinh bdi cac kim loai chuyén tiép la Niva Fe
(AC-Ni, AC-Fe), lam rd ban chét, tuong tac cla qué
trinh hép phu.

M6 hinh va phuang phap tinh

Mo hinh than hoat tinh dugc xdy dung dua trén két
qua anh kinh hién vi dién t& truyén qua (TEM )[9]. M&
hinh nay tudng ty nhu mo hinh da dugc chung toi su
dung trong nghién clu trudc [10], bao gom 134
nguyén tU, dugc tao nén tir cac vong carbon 6 canh
lién két vai nhau, dong thai co tinh dén su co mat cla
cac vong carbon 5 hodc 7 canh, mé phdng céc khiém
khuyét trén bé mat cla than hoat tinh. M& hinh AC
dugc trinh bay trén Hinh 1.
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P Hinh 1. M6 hinh than hoat tinh
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Céc tinh toén trong nghién ciu nay dugc tién hanh
theo hai budc: i) st dung moé phdng Monte-Carlo dé
budc dau xac dinh cac vi tri hap phu uu tién; i) Déi vai
cac céu hinh hap phu uu tién, tién hanh t6i uu hda cdu
truc, tinh toan cac gia tri nang lugng, thong sé hinh
hoc (d6 dai, goc lién két), bac lién két,...theo phuong
phap phiém ham mat do (DFT).

Trong m6 phdéng Monte Carlo & budc i) s dung
truong lyc Dreiding, s& vong lap 1a 5, s6 budc trong
mdi vong 13p 1a 50000, nguéng cutoff 1a 12,5A.

Céac cdu hinh hép phu thu dugc tUr budc i) sau dé sé
dugc t6i uu bang phuong phép phiém ham mat dé
trong sy gan dung gradient suy rong (GGA), phiém
ham tuong quan trao déi PBE [11], bd ham ca s& DND
vdi tiéu chudn héi tu vé nang lugng la 2x107° Ha, tiéu
chudn hai tu vé luc 13 0,005 Ha/A. Anh hudng clia cac
luc phan tan (dispersion forces) — tucong tac van de
Waals (vdW) dugc tinh t&i thong qua phucng phép
Grimme [12]. Anh hudng clia dung moi (& day chon 1a
nudc) dugc tinh théng qua md hinh COSMO (The
Conductor-like Screening Model). Cac tinh toan dugc
thuc hién bang phan mém Material Studio.

Thoéng s6 co ban dugc sit dung dé danh gia kha nang
hadp phu la nang luong hdp phu (Eass) dudgc tinh theo
cong thuc:

Eads = Eas — Ea - Es (M

trong do Eag, Ea, Eg 13 ndng lugng cta céu hinh hép
phu, chét hdp phu va chét bi hdp phu.

Cac théng s6 cdu truc nhu dé dai lién két, goc lién két,
dién tich trén cac nguyén tr va bac lién két theo thang
Mayer cling dugc phan tich. Trong nghién cdu nay,
dién tich nguyén tr dugc tinh theo thang Mulliken. Bac
lien két theo thang Mayer dugc lua chon do dai lugng
nay rat gan véi bac lién két ¢ dién va it phu thudc vao
viéc lua chon bd ham ¢ sd [13].

Dé xac dinh cac trang thai chuyén tiép c6 thé co cla
qua trinh hdp phuy, st dung phuong phap CI-NEB
(climbing image — nudge elastic band). S& diém anh
trong cac tinh toédn CI-NEB la 7. D6 hoi tu vé luc la
0.1eV/A. Cac théng tin thu dudc tir két qua CI-NEB cé
y nghia quan trong trong viéc lam rd ban chat clia qua
trinh hdp phu, du doan kha nang xay ra vé mat dong
hoc clia qué trinh nay.

Két qua va thao luan

Khd ndng bién tinh AC bdng Fe va Ni
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Khi xét kha nang bién tinh bé mat AC bang cac nguyén
tr kim loai, co thé c6 hai trudng hgp: i) nguyén t& kim
loai tuang tac/lién két vai bé mat AC ; i) nguyén t kim
loai thay thé nguyén tir C trong cac vong 5, 6 hoac 7
canh clia cau truc AC. Tuy nhién, khd nang thay thé
nguyén tU C clia cac vat liéu carbon bdi cac nguyén tuf
kim loai chuyén tiép da duoc chi ra la khéng thuan Igi
vé méat nang lugng [14]. Do d¢, trong tinh toan nay
chuiing toi chi quan tam dén céc cau hinh trong do céc
nguyén t& kim loai tuong tac véi bé mat AC. Céac céu
hinh hdp phu t6i uu cla cac hé AC-Fe va AC-Ni dudc
trén Hinh 2, cac két qud tinh todn bao gdm nang
luong hap phu (Eads), khodng cach nhd nhét tir nguyén
t& kim loai dén bé mat AC (dmin), dién tich trén cac
nguyén tir va téng béac lién két gitta nguyén t kim loai
v3i cac nguyén ti carbon cta AC (BO(M-AQ)) dugc
trinh bay trong bang 1.
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Hinh 2. C&u hinh hdp phu uu tién Fe va Ni trén AC

Bang 1. Cac thdng s6 tinh toan cho cau hinh hap phu
uu tién M trén AC (M = Fe, Ni)

~ \ Eads dmm q(M) BO (M'
Cauhinh 1y mon | () @ AQ)

AC-Fe | -5973 | 2,010 | +0,407 | 2,225

AC-Ni | -5854 | 1,912 | +2,065 | 1,386

Céc gia tri nang lugng hép phu Fe va Ni trén AC déu
rét am ching té su hinh thanh AC-Fe va AC-Ni la
thuan Igi vé mat nhiét dong. Cau hinh hap phu uu tién
AC-Fe (ng vdi sy hép phu Fe trén vong 5 canh cla
AC, trong khi d&i vd&i Ni la vi tri trén canh chung cla
cac vong 5 va 7 canh. Két qué nay la rat phu hgp vdi
cac két qud nghién cau ly thuyét da dugc cong bod
trudc day vé hép phu cac nguyén tir kim loai chuyén
ti€p trén vat liéu carbon [14,15]. [Su hdp phu Fe, Ni trén
AC xay ra kem theo su dich chuyén dién tich rat Ién
(Fe :+0,407e, Ni:+2,065e). Khodng cach nho nhat tur
nguyén ti kim loai Ni dén AC tuong Ung la 1,912 A,
nhd hon t6ng ban kinh céng héa tri ciia nguyén tr kim
loai (rvi=1,24 A) va nguyén t& C (rc=0,77 A). Vi trudng
hop Fe, dmin xdp xi bang téng bén kinh cdng héa tri
cla Fe (1,26 A) va C. Tuy nhién, t6ng bac lién két hinh
thanh gifa cac nguyén t Fe va Ni vdi cac nguyén tir C
clia AC la tuong déi cao, tuang Ung la 2,225 va 1,386.

Nhu véy, co thé két ludn rang su hdp phu Fe, Ni trén
AC mang ban chat héa hoc. Diéu nay dudc thé hién ré
khi phan tich thanh phan céc orbital phan t&r (MO) clia
cac hé AC-M. Trén hinh 3, trinh bay vi du minh hoa
hinh anh cia MO : HOMO-9 ciia hé AC-Ni. Ham séng
mo ta MO nay ¢ dang :

W = 0,14 dy, (Ni) + 0,12 dy; (Ni) + >cpAC)= 0.38 (C20-
1pz) - 0.33 (C17-1pz) + 0.32 (C6-1pz) - 0.32 (C14-1pz) +
0.25 (C8-1pz) + 0.23 (C9-1pz) - 0.23 (C2-1pz) - 0.22
(C12-1Tpz)  0.20 (C3-1pz) - 0.19 (Cl1-1pz) + 0.19 (C23-
1pz) - 0.17 (C22-1pz) + 0.14 (C7-1pz) + 0.14 (Ni-1dxy) -
0.14 (C16-1pz) + 0.13 (C21-1pz) + 0.12 (Ni-1dyz) - 0.12
(CN1-Tpz) + 0.10 (C27-1pz).

T biéu thiic ham séng, cé thé thdy rd sy tham gia
hinh thanh lién két clia cadc AO dy, dy, cla nguyén tuf
Ni vai cac AO p; clia cac nguyén ti C trén AC. Diéu
nay mot 1an nita khdng dinh, hap phu Fe/Ni trén AC I3
hép phu hdéa hoc do su hinh thanh lién két kim loai —
carbon.

Hinh 3. HOMO-9 cla ciu hinh AC-Ni

Két quéa tinh CI-NEB cling cho thdy qua trinh hdp phu
Fe, Ni trén AC khong di qua trang thai chuyén tiép do
nang lugng cla cac cau hinh trén dudng phéan Ung
gidm tif cdu hinh ban déu dén san pham. Do do, cé
thé st dung nang luong hdp phu dé danh gid kha
nang tucng tac cua Fe va Ni véi AC. Khd nang nay co
thé sap xép theo thir tu : Ni < Fe.

Khd nding hdp phu ion cyanide (CN’) trén AC-M (M=Fe,
Np)

Daéi véi AC-Fe va AC-Ni, chiing téi tién hanh khao sét
ba vi tri hdp phu Ung vdi ba su dinh hudng cyanide so
vai tdm hoat dong la nguyén ti kim loai. Céc cau hinh
hép phu uu tién CN™ trén hé AC-Fe va Ac-Ni dugc
trinh bay trén Hinh 4 va Hinh 5. Cac két qué tinh toan
cho qué trinh hép phu cyanide trén AC-Fe va AC-Ni
dugc trinh bay trén bang 2.

Phan tich két qud Eags trong bang 2 cho thay vat liéu
AC-Fe va AC-Ni c6 khad ndng hdp phu ion CN-, thé
hién & gia tri Eags déu rat am so vdi cac gia tri tinh toén
dugc & truong hop AC chua bién tinh [9]. Cau hinh
Ung vdi gia tri nang lugng hap phu am nhat la cau
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hinh ma & dé CN" tudng tac vdi nguyén tr Fe/Ni qua
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Hinh 4. Cac cau hinh hdp phu CN- trén AC-Fe

Bang 2. Cac thong s6 tinh toan cho cau hinh hdp phu uu tién ion cyanide trén AC-M (M = Fe, Ni)

C5u hinh Eaas drin qM) q(CN) BO BO BO
(kJ/mol) (A) (e) (e) M-AQ) | (M-CN) | (C-N)
AC-Fe
AC-Fe-CN(a) -314,2 1,910 | -0,004 | -0,447 | 1,910 0,998 2,737
AC-Fe-CN(b) -277,3 1,872 | +0,113 | -0,539 | 2,003 0,799 2,503
AC-Fe-CN(c) -264,4 1,918 | +0,041 | -0,487 | 2,041 1,282 2,315
AC-Ni
AC-Ni-CN(a) -331,0 1,833 | -0,043 | -0,462 | 1,182 1,024 2,739
AC-Ni-CN(b) -281,3 1,822 | +0,081 | -0,572 | 1,175 0,883 2,539
AC-Ni-CN(c) -264,1 1,943 | +0,109 | -0,616 | 1,197 1,022 2,296

Két qua nay rét pht hop vdi nhing luan diém cla
thuyét VB (thuyét lién két cong hoéa tri) c§ dién, ma
theo do, trén nguyén tr C con mét cap electron tu do
linh déng, dé dang tao lién két cho nhan vdi cac AO d
tréng clia cac nguyén ti kim loai chuyén tiép.

Phén tich cac gia tri thu dugc trén Bang 2 cho thay,
khodng cach nhd nhét tU ion cyanide dén nguyén tu
Fe hodc Ni (dmin) Nhd hon téng ban kinh cong hoa tri
clia nguyén t& kim loai Fe (1,26A)/Ni (1,244) va C
(0,69A). So sénh vdi dién tich cia CN-trén AC (bang
3.1), dién tich trén CN- sau khi hdp phu 1én AC-M "bdt
am” di dang ké va nam trong khoang ti -0,447 dén -
0.539 (vdi trudng haop Fe) va tur -0,616 dén -0,462 (vdi
truang hop Ni) . Diéu nay ching té c6 su dich chuyén
electron tUf CN”sang nguyén t kim loai. Bong thai do
tuong tac héa hoc gitta kim loai v&i CN™ dan tdi su
giam bac lién két gilta kim loai vai cac nguyén tr C clia
AC, cling vdi su hinh thanh béac lién két kha 16n (trong
khodng 0,883 dén 1,024) gitta M vdi ion CN.

Phan tich thanh phan orbital phan t&r cia hé AC-Fe-
CN(a) va AC-Ni-CN(a) s& thay r& su hinh thanh lién két
hoa hoc gilta ion CN™ va AC-M. Trén Hinh 6 trinh bay
hinh anh cda HOMO-8 cia hé AC-Fe-CN(a) va
HOMO-9 cia hé AC-Ni-CN(a). Ham song cia HOMO-
8 cla hé AC-Fe-CN(a) (Y1) va HOMO-9 cua hé AC-Ni-
CN(a) (W2) tuong Ung la:
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W1 =0,13d,(Fe) + 0,57 p, (N) + 0,54 p, (C) + ScpAC)
+ Y apyC)

W2 = 0,14 dy, (Ni) + 0,17 de (Ni) + 0,15 p, (N) - 0,21 p,
(N) - 0,64 p; (N) + 0,24 px (C) - 0,11 py (C) + 0,53 p; (O)
+ S cpC).

Nhu vay, cé thé thdy rd, su tham gia hinh thanh lién
két cla cac AO dy, dw clia nguyén t kim loai M vdi
cac AO cla nguyén tr N va C trong CN.

Hinh 6. a) HOMO-8 clia hé AC-Fe-CN(a) va (b) HOMO-
9 cla hé AC-Ni-CN(a)

TU cac két qua tinh toan trén, co thé két luan rang qué
trinh hdp phu CN- trén AC-Fe va AC-Ni la thuan lgi vé
mat nang lugng. Vi tri hdp phu uu tién nhét la vi tri
Ung vd&i su dinh hudng ion cyanide thang ding so vdi
Fe va Ni, tuong tac vaéi hé AC-Fe/ AC-Ni qua dau C.
Trén Hinh 7 biéu dién nang lugng tuong doi Ere cla
cac cau hinh trén dudng phéan Ung Ung vdi qué trinh
hap phu cyanide trén AC-Fe va AC-Ni.
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Hinh 7. Nang luong tuang déi Ere clia cac cau hinh
trong qué trinh hap phu CN trén a)AC-Fe, b)AC-Ni
(coi Efina = 0)

TU Hinh 7 cho thdy, d&i v&i qua trinh hdp phu CN- trén
AC-M (M=Fe, Ni), tU cdu hinh ban dau cho dén san
ph&m, nang luong tuong ddi Eqe clia cic cdu hinh trén
dudng phén Ung gidm dan. Ching t6 qué trinh hap
phu ion CN™ trén AC bién tinh bdi Fe, Ni khéng di qua
trang thai chuyén ti€p va vé mat déng hoc, xay ra rat
dé dang. Nhu vay, bién tinh AC v&i Fe, Ni c6 thé lam
tdng kha ndng hép phu cyanide clia AC. Béng thai, do
qua trinh hdp phu CN- trén AC-Ni va AC-Fe khong di
qua trang théai chuyén tiép, nén co thé danh gia muc
do dién bién cla qua trinh hap phu thong qua dai
lugng Eaas. K€t quéd cho thdy khad nang hap phu ion

cyanide sé gidm theo chiéu: AC-Ni > AC-Fe.

Két luan

St dung t6 hgp cac phuong phap tinh toan: mo
phdéng Monte-Carlo, phuang phép phiém ham mat dé
DFT, va phudng phéap CI-NEB da nghién clu kha nang
hép phu ion cyanide trén cac vat liéu than hoat tinh
bién tinh bdi cac kim loai Fe va Ni: AC-M (M= Fe, Ni).
Céc két qua tinh toan cho thdy, cac kim loai Fe va Ni
€6 kha nang tuong tac manh vdi AC do su hinh thanh
lién két hoa hoc M-C. Vat liéu Ac-M (M=Fe, Ni) c6 kha
néng hdp phu cao ion cyanide. C4u hinh hap phu uu
tién nhat la cdu hinh Ung vdi su dinh hudng ion
cyanide theo chiéu thang, lién két v&i cac tm kim loai
qua dau C. Qué trinh hép phu khéng di qua trang thai
chuyén tiép. So sanh két qud tinh toan hip phu
cyanide cho thay kha nédng hép phu xyanua gidm theo
chiéu AC-Ni> AC-Fe tuang Ung vdi cac gia tri Eags a -
331,0 kJ/mol va -314,2 kJ/mol.

Tai liéu tham khao

1. CA. Young and T.S. Jordan, Cyanides remediation;
current and past technologies, ~ 10th  Annual
Conference on Hazardous Waste Research (1995)
104-129.

2. https://thuvienphapluat.vn/van-ban/Tai-nguyen-
Moi-truong/Quyet-dinh -1971-1999-QD-

10.

1.

12.

13.

4.

15.

BKHCNMT-Quy-trinh-cong-nghe-tieu-huy-tai-su-
ung - Xyanua-45967.aspx

Chiang, K, Amal, R, Tran, T., Photocatalytic
oxidation of cyanide: kinetic and mechanistic studies,
Journal of Molecular Catalysis A: Chemical 193
(2003) 285-297

J.G. Dobson, The Treatment of Cyanide Wastes by
Chlorination, Sewage Works J., 19 (1947) 1007-1020
Bandosz, T. J., Nanoporous Carbons: Looking
Beyond Their Perception as Adsorbents, Catalyst
Supports and Supercapacitors, The Chemical Record
16 (2016) 205-218

Agarwal, B. and Balomajumder, C., Removal of
phenol and cyanide in multi-substrate system using
copper impregnated activated carbon (Cu-GAQ),
Environmental Progress & Sustainable Energy, 34
(2015) 17141723

Nafaa Adhoum, Lotfi Monser, Removal of cyanide
from aqueous solution using impregnated activated
carbon, Chemical Engineering and Processing:
Process Intensification 41 (2002) 17-21

Chun Yang Yin, Mohd Kheireddine Aroua, Wan
Mohd Ashri Wan Daud, Review of modifications of
activated carbon  for enhancing  contaminant
uptakes from aqueous solutions, Separation and
Purification Technology 52(3) 2007 403-415

Harris P. J., Liu Z., Suenaga K., Imaging the atomic
structure of activated carbon, Journal of Physics:
Condensed Matter 20 (2008) 362201-362205

Té Thi Hoa, Nguyén Thi Huong, Nguyén Ngoc
Ha, Nguyén Thi Thu Ha, Nghién ciu ly thuyét qud
trinh hdp phu ion xyanua trén cacbon hoat tinh va
cacbon hogt tinh bién tinh bdi Cu bdng phuong
phdp phiém ham mat dé, Tap chi XUc tac va Hép
phu 6(4) (2017) 144-150

Perdew, John P. and Burke, Kieron and Ernzerhof,
Matthias, Generalized  Gradient Approximation
Made Simple, Physical Review Letters 77(18) (1996)
3865-3868

Stefan Grimme, Semiempirical GGA-type density
functional constructed with a long-range dispersion
correction, Journal of Computational Chemistry 27
(2006) 1787-1799

Mayer.l, Bond orders and valences from ab initio
wave functions, International Journal of Quantum
Chemistry 29 (1986) 477-483

Thi Thu Ha Nguyen, Van Khu Le, Cam Le Minh,
Ngoc Ha Nguyen, A theoretical study of carbon
dioxide adsorption and activation on metal-doped
(Fe, Co, Ni) carbon nanotube, Computational and
Theoretical Chemistry 1100 (2017) 46-51.

E. Durgun, S. Dag, S. Ciraci, O. Gulseren, Energetics
and  Electronic ~ Structures of Individual Atoms
Adsorbed on Carbon Nanotubes, Journal of Physical
Chemistry B, 108(2) (2004) 575-582

10



