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Kinds of Defect and Mechanism of Formation on the Hot-Dip Galvanized Coating

Yoshiaki Kashiwaya, Akira Sato™! and Kuniyoshi Ishii*?

Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

The defects of the hot—dip galvanized coating found in the course of actual operation were sampled for clarifying the defect
formation mechanism. The composition of galvanized coating was 43.4 mass %Zn—55 mass % Al-1.6 mass% Si. In the initial stage
and middle stage of operation, five defects were selected from many defects. Observations of optical microscope and SEM, ana-
lyses by u—XRF and SEM-EDS were carried out for the surface and the cross section of those defects. The results were summa-

rized and classified into three kinds of formation mechanism as follows:

(1) One is the defect occurred from the remained oxide film on the steel surface which was not reduced in the surface treat-

ment process.

(2) Second is the defect occurred from the dross (Fe—Al-(Si) intermetallic compound) formed in the bath.
(3) Third is the defect occurred from the aggregation consisted of the dross (Fe-Al-(Si) intermetallic compound) and

metal oxides (CaO, SiO, and Fe,03, and so on) existing as impurities.
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B. o TR ALRE NS #7255 ko P O
BREPSVWEE, Fe-Zn &&BOREZHAF S, Fe-Al
EE&BHIIVE SN A8, 20 Fe-Al &4 I1C BT,
Fe,Al;, FeAl; 7z & O&BEML G OGP R INTE
D, FEE1d50~300 nm BE TH 531V, Fe-Al H&BOK
R T 2% St ORI K & <, $REMmIC Si0, 2577
TAHRERBOREAIHT 52 EBHMENTNABD.

GL gt idmt etk ic@En o fip & L CHEBHEMS, KEH
w, BMA®RRESEICh DRI TR, B, F£H
WO FtREAEINTVS. Do ERBITALY vy FHE Zn
Uy FHEPBELC2HBEE k> TED, 7TIVIZT L
ORI A L O S DM AEH, S OICHOBEF
HArzabid 270, fHREICKD, @FOMHD > X
BAZ A 3~6 DM A ZRT. - X &Mk ORIC
i%, Fe-Al(-SHEBRBAEH INTED, @HEOHEED -
WO Fe-Zn 508 LI 5 &, BEEAEWC &AM
LNTW5.

Al EHEBERAEN O - XI5 — B /KiRE L Cid
outburst %2 H V¥, TiHMMIZISWTEEZETH D, Fe-
In 54 BOREEEIERNT 540 TH 5.
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T, BB O 5 L L ICRBOME R 58T 5
ZrwARE L.
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Fig. 11T GL itk DR - & TROBEKAX A7 7. Hilik
%, KETEREUHSN/IZOBLAFTY Moo T, o i
PICAS. EREID - ZIBHICEA S ik, v rn—
W, UR=—FPB—VERTH-> ZREEERGLT, &8
Do EREL, O WM SN, BEBICEED
BE(LT —FANNICE-T, Do TRPOEIEHEIN
5. WERD > ZinH TR 5 Fe MEHLTEBY, R
AT H T EPMEN TS, £z, vyvra—lkXk
UYR— b= )Vix & DOEME» 5D Fe DEHRLEZOBND
EEBIC, INHDOE—IVOFLEE, O TP HHE
MromEh A A, AR L2 F B A iRERICHE LT <
THAREMED B 5.

AEHI & T A TERICHES TS GL itz A
7. GL & & 58O FMB % Table 1 127739, ALREIX
55 mass%, SiiEfEL 1.6 mass% O TH 5.

Z O GL it £ m CTRAE L 7o Rk sk 57200 % < B4
L, ZOod»r 6 BB EL 7251 5 D K (Defect 1~
Defect 5) % #Effi L /=. =N 6 DO RIBOEFE G F% Table 2
0, EAHB OB R A Fig. 2 10R 7.

CCTRERMOREN ST x—I V7T v TR & LT
26471 (Beginning of operation; Defect 1 and Defect 2) & 3@
AR OGP TR ERRE & e B REaSFEA L IR

' Strip
(Steel sheet)

Support roll

Snout \
\

Top dross
GL bath
Sink roll

Pot

Bottom dross

Fig. 1 Schematics illustration of hot dip galvanizing line.

Table 1 Chemical composition of GL coating.

Composition (mass%)
Zn Al Si
GL coating 434 55.0 1.6

Table 2 Notation of defects found in the actual product.

Sample Operation Diameter (mm)
Defect 1 Beginning of operation 0.7~1.0
Defect 2 Beginning of operation 2.0~2.5
Defect 3 Middle of operation 0.2~0.3
Defect 4 Middle of operation 0.4~0.5
Defect 5 Middle of operation 0.4~0.5

2 #(2007)

w1 &

(Middle of operation; Defect 3, Defect 4 and Defect 5) # A
72, BEVHoOXBIEIFHOLO LD L KEL, 0.7~25
mm OERZFE-> T\ 5. F/2, TNOHRBEBOE#E &L
T3 Defect 1 % Defect 4 D & D IR HICEIN, F/iX
BADEL DL DOHEDOL DX, Defect 2D XD ICH G2
ICEMPHELICDDORE LN, —77, HEPYORIE
i, RSV (0.2~0.5 mm) 28, W bR L 2RIk
THED, FLEBICk W TEN AR I N,

TR BGAERDIER & 72 D15 A WE AT 57201,
¥rp O GLIIIROEFES A VB> Skt e 7y v
Ttz CORBOEREIHISG T, V7 V7 HkESE
ICE BB S H/e. FBERICEONO- ZEFARED
W4 572012, GL® > EROFERTHAA Ty F o HE
L7z, RBREREIIN2g TH%S. I TEHBHEDOLD,
o ZRFkHE Pot, 4T v % Ingot & L THEFEL 7.

2.1 EERFE

GL ##k O & ffa (Defect 1~Defect 5)1Z oW Tid, F LU ¥
I u—XREF (K — AR 100 um) IC X W EHDOTLEY v B/
T RATV, REGRADOITEFE S M % 4T - /2. p—XRF OILHEY
v BV 7 DE&MEE, ERITE 50kV, EEIF : 1000 pA, =
Y A—XER 100 pm, PERRE @ 30 s/point, ¥ LEZE
FHRE L. QUICERZ BIIRICEDIAZ, Kia% Ao &
T AWM RBE YT 7. QBRBICSEM Bl LU
EDSICL B HE~Y v VT 5 r- 7.

Defect 5
Fig. 2 Outlooks of defects on the hot-dip GL coatings.
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(1) Defect 1 : iZ U DICHZEPIMZ BV THRE L 7oK HD
FH u—XRF < v UV 7 OfER % Fig. 31017, Kfaok
ZE U ETEHEDH L 0.7~2.5mm LIEFITAKEW. K
e ic, FIRWE EICd > EEENBE0 BB THERL
JolcdRR LBk ER D, BTREOMER —VIC k- THE
XN7EMABEZE SN S (Fig. 3(a)). KO0 EIN
IZEBWTiE, BWIEBEDO Fe R8BI I N/, £/ AL Zn ik
KGRI DOME D GL > THHIC W THE SN, Fho
FICIFIEEAEFELTZWS &R0 5E. —F, STicow
TEXMBRAZICEBOTUREITL TWwWbdbDsE2 N5, Fig.
4 (W) ITRIE EORE T ~ I 36\ 5 Wi O e Fa s 5 5
. REGWNEICIXZEREAFAEL T AT &b, Eiko

mass% mass%
66 37
-
5 27
50 8
|
2 0

Fig. 3 Optical micrograph of Defect 1 (a) and the distribution
of elements obtained by u—XRF.

(a) Top view

. : o] I
Steel sheet

(b) Cross-section

Fig. 4 Top view and cross—section of Defect 1.
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u—XRF OFERIL, N OTH I\ TR O 2 5 D%
EXHErmH LD EEZONS. T/, EHEICHNT
WARITIR K —E T, WERICE TRANIES > TWbH T &7
DInh.

wIZ, Fig. 4D () B XU G) O, SEMIZE-T
BEL-EE%Y, FhZnFig. 5) LU0 M)IcRT. Fig.
5(a) D X 2 I RMEOZHRANEICIE GL BARR SN, B
REOHIN & A G4 & OBOTRNENRZ L K Eho/cl t %
RLTWS. F£72 Fig. 5(b) D X 51T, Z2RMNI Tk
HHRE)DARE L FENRBICH - 7. CORN/-EHICE
WTEDS £E~ v BV 7 5 OfE R4 Fig. 6 1083, ATG
FX v EVZICBWTE, TREESSVEEY G, TTHE
P AME R A B TR LT A, R &7 AHIHEETR T
i, BE EDOREI TR IN S Fe-Al REERBHR, Fr«
TRYINIAFELILRETHERIN TV EPELL L
o7z, TNEERD > EFIORTTRICE T, #ilFEm O
FEAL 23— KRR TG & 72 0, T DORBILES T HERBHIE
WIS o/cbDEZLND. IHIT, SiHM
WORFITIH - THEB L 7ok Fa3s@lgs s h/z. Chid, Fe-
Al GEBPERED > TBRTHHEEZOND. Fiz
GL JBMIC Fe ARALL 7= A0, ZO—HiL, Siosm
fie—%+5. Inid, FEBIBOM  FIH O BT
Fe-Al R & &BMBEITHEB L 7 - 72729012, Fe oo
EREFAILE L Fe-Al-Si RO A& AR L 7cbDEEZS
N5, Fig. TICHE - LT, KOBENIEI D> ZFD
W > EDS S i R aR” 3. Sild, 1~2um & XD Fe-Al
EEBICECHFEL, 3STROGEEF->T05h. ZDXD
IS4 G2 E RIS SE 1T, ok, ©

(i), (b) Magnified area at Fig. 4(ii).
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S ZRMANCIIIEELTVWADEEZ LN A.

(2) Defect 2 : ZE D u—XRF <~ v V'V 7 OfER % Fig. 8
IR . KB O OEE TR EIERE D Fe & Al REAE
L, RFEHETE DY TE LD LEE T Fe-Al %4
BEILEWTH L EE2 DA, ERKORLERF I\
TSiBRGNAED, Thit Al-Fe 24 EiE1L&Y & Si O
HIFRDEN /DI, BRLE SO SiPEMEL 72 O L H#E
ZZINAH. KICT Defect 2 DBTHAIONFFMBEFE I LU u-
XRF < v Vv 7 Of5 R % Fig. 9 1T ¥ . MHEAEHEL Fig.
@I ANMET ~T TRpATML 7LD THAS. Fig.
I I DFHMITH 5 KHaL, Wk Fe-Al 58 +E 2 bhd

Irregular Fe-Al

alloy layer

s
Diffusion of Si

into steel sheet
r

Si.é, 3 ?

Fig. 7 SEM observation and EDS analysis of the cross section
of typical GL layer without defect.

£ 25(2007) BTl &
> ERBOERICHES D EOCHESTS. —J, ToOJRAIC
BB RBGIEIIkD Fe-Al R BHILEWTH 5. Fi,
Fig. 8 THIZ /=, KOO O Si oAb, < #Hv
FKHBOHEBK TH L LEBbNS. 6D e, TOK
ffa Defect 2 1%, @D > AT, HRFEmICH HEED
> TEABRINHIC, FerAlZFOARMEL-LD &
HZExNn%.

WICBFOXRIEE LT, RHMER I ThaEERIICE
WTFELE L 7o ks Defect 3-5 D HTE B 4777 .

mass %

55

Fe-Al intermetallic
compound

Fig. 9 u—XRF mapping of cross—section of Defect 2.
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(3) Defect 3 : Fig. 10 (%, Fig. 2 ® Defect 3 O LD/
IlpEINE SEMIC k> THELBRTHS. oW
i, EBORFMRIET HEMARESE L s> T b Z L8
G, ZOHTEH (D) OFEBKICEWTRLN S XD ICHF
RDOT 72y FaFo IR S HFEL TOAHEK, (oD
FIED & 51T, REHMORFRRET HHIBPBEINS.
INOOMEKAE, EDS 547 L 7= f R % Fig. 11 5 X U Fig.
12z zhnmsd. Fig. 1112B8WT, 7ty b afEs7c
K13 Al Fe B X UL ED Si B SN/ & 55 Fe-
Al-(SHRERELEWTH S EEZ2 DN L. FIZFUIBIC
WS W REOMENBLEINLT E10, MIHIOM b

Fig. 11 EDS mapping at Fig. 10(b) of Defect 3.
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MPHEAETHLO BN EPHEICIE G2 BT
A =RV OPRAL L 7 TR D FFAE S 528, FE -« OfREE (D
LD RRFBDOEEHE, AREYZRZ AT PIHFRTRIEL 2D D
T E) B LR, BURHE®A ZFH OB 25 PF I A
HLIARENAD 5 (BRI T2 b v THBHFREE L T
WAPEEICIN B ERHS). —F, Fig. 12128\ T
Al,O;, M{t4% (Fe,05, Fe;0, Fe), Ca0, SiO, 7z &4 D
WAL T FAET A PO a7 EDT &
5, COXKMGITER® > I, F1EL T Fe-Al-(Si)
FOERBEMLEY (F B R) LN & L CiAET 5 &k
BBOBEY VRO > TRICMDAENS Z & TEREN/ L
DEEZOLNA. TOLDIEEWL, iz, BTED
FEI—IVOREIC L - TRIEICHESH, ShAELD
DEFHINS.

(4) Defect 4 : Fig. 13(a), (b)ICKKaD LTI X O WA
(AL T ~ 1) ONHFBEMBE T E AT, - EFNTITIIR
MR R E RN ENIIRFEIC - TE D, Ehoifsg,
HLIAKZDLDDEINTH S EEZLNS. TOFS
HIRKR L7z Fig. 13(0) B LT (A= R 5 &, KMEHMSE, M
WHEOEETHD, o ERAICTENT, #i6 &Kk & O
WCEEBNETTICHEREL TWAT D, o TEARKIC
WHICEFEET A PO ABRME LD LIS NS, Fig.
14 127" L /2 EDS G OfE R © Defect 3 & AR I KR
HYE L Fe-Al-(SHREBREMLEW TH D Z L BHERI N
7o Flo, BREWMOIFR, DABED S EEZONIR,
BTEICIT IR C& 7o 7o, RIEWE & LT L 72 Fe-
Al-(SH R BRI GWIT, HE4TIE, —>OBE R F

Iron oxide

Ca
Calcium oxide

Fig. 12 EDS mapping at Fig. 10(c) of Defect 3.
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THol-& TIN5 (Fig. 9(b) Defect2). Lo L,
Defect 4 D&, D> THOFTEHT —IVORMEIC &L -
T, BEESRN, Fig. 13(0)D LD S NI TOEE &

50 um

X488 S@um BBEE 20 17 SEI

Al-Fe-(Si) intermetallics

Fig. 14 EDS mapping of the cross section of Defect 4.

w1 &

molcbhDbLBbns. LLELD, Defect 413, Defect 2
ICH T VEBBEEIC L O RELZRIETH D, ZORBFES
nNT, BEICENDEL DD EEZONS.

(5) Defect 5 : Fig. 1512, /K[t Defect 5 DM DO~ 7 &1
HHE L SEMIC L ABEMERE AT . Defect 4 & FERICHE
KFD - ERFOFICHDAETN/REICR-> T 5. KA
TBOSM F M AFEEE L TW5DH T &5 Defect 513, FEFIC
BT Th b ERHEINS. R OLIBTARE S R
L7 5H5B, TNBWEBICL S50 EE 2 BN,
BIEPRZEL T WT EPBHFEFRICRELZLO LB
N %. Fig. 16 12 T DK EDS ¥ OfE R % Rmd . Kb
DKo% Fe-Al-(Si) REBREULEW TH D, P ED Si0,
D, #UE 7 Fe—Al-(S) % BREUL & OFEIE O—ETIC AL
5T LR IN/z. TDT LD Defect 5 1%, Defect
3 B LU Defect 4 & FIBRIC, BHEFPNTBNT, D Eil
HIZAERL L 72 Fe-Al-(S) RO & BREML & & h.oic, flio
ALy 7s & OBED L — 7> TRV IAE =K TH 5
FHZEINS.

Fig. 15 Macro- and microscopic observations of Defect 5.
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Fe-Al-(Si)
intermetallics

Fig. 16 SEM and EDS mapping of Defect 5.

3.2 W% - ERICHEET B RGREME

3.2.1 Ingot DHITHER

INET, BEINIKMOFERWEDL, FiCo-> EFk
TH % Ingot HICHAEL TOLAREMRD L. Do, K
IZ Ingot 3BID 3 M %17 - 7.

Fig. 17(a) i Ingot 1D Si OFHT L 723 H R L TWAb.
A BETED /2B TD L D7 SiORILL 72845 1%, In-
got DT LR %  BlE K2, GL#RO O - Zfdo
KIEFICFE R S 5 Si 134T Fe-Al &BEMLEWITHLD A
FNIHDOLDTH-72DT, InbIY, BRPICHRICE
FALbDEEZOLNS.

%7z Fig. 17(b) D X 5 RS FAEST 5 2 & hm»
57z BORARRO K & LR 5 um, £ 37 100~200
um T 5. EDS JLHRGHTHRER 2 H Z Ok Fe-Al-(Si)
ROEGRMILEH TH L EEZ2ZONS. BWIRAKORD OA
SIELSRZBENE, ZnY v FHTH Y, Al BPECREM
ICEBALL 72720, ZORVICZn ) v FHEPER LSO L
BN b, HEBHOBHIC Z OREOICRIT 23 % <,
Do EFEPICHBWTHUORRER A RSN 5. Z Ok
OB ST, Ingot FICEOLNAHLDLED D> TFFICHDS
NHLOTHEIML TWz., ThbHDT &5, ZORCKAER
¥, BFORNCd % ingot ICHIE AR OM HA 1, HEFICHF
THREL, - ZRBICROAETN/I R THE EEZLNS.

Fig. 17 SEM observation of Ingot. (a) Si segregation, (b)
Plate type Fe-Al-Si intermetallics.

Fe-Al-(Si) —"

intermetallics

Fig. 18 SEM image of dross found in pot during operation.
(a) Plate type Fe-Al-(Si) intermetallics, (b) Irregular type
Fe-Al-(Si) intermetallics.
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WIZ, B pot 20 HEELL 720 - TR EI O S MR FIC
SWTRY. Fig. 18(a)D L 51T, Ingot IZHBWTHEIZSh
T BRI DO TFAE DS TSR S 7z, EDS i D5 R 2> & Ingot
& [FAFRIC Fe-Al-(Si) R BEMLEHTH 5. LrLEHD
ZORKESIIZHOVWTIE, EBHK 8um & Ingot L D ETE
<, 0o EHPTOBRRIEEHOREKEZREL TWa. %/
52, Ingot ICBWTIER OGN - 72 Fig. 18(h) D L 5
TARERALGEW IBE I N/, (LEWOE L 100~150
pm f2E TH 5. EDS S OfE R (KA, ZORER
L& L RRIC Fe-Al-(SH R BHILEW TH 5 Z &5
Mmoo,

L, COREMLEWOTTBRRILEW LD L AlD
REMENZD, CNODEEWIT TN ENMRDED Fe-
Al-(SD)RERBEILEWTH S EFHRINS FmEOBRT,
BOIRAER & NEAL GO R B L 72). CONRE
AL &L Ingot TIERONZh -7z L6, HEPICH
Wiz L B L7z Fe Lo TREEPRIGL TER I
T2 D EHEINS. DT D RERALEWITEERR PR <
AT ERE - Wind 50T, BEEPEMORRAEROEE
BRI A EEZONS.

4. BRIEADEMBEBDOER

PLED &5 7efb R & GL S 3315 % KD A Bkt &
L CHUTFIORT=EZEPFRET A EEZONA.

A BHERE A BIBCR AL TARIC S\ B AL B IR FE R A R
Bfa

AL, Fig. 19 1R AR C, Defect 1 2554
5.

(1) SRR ORTCAEDEFEIZ B W T, BILARD—H
WAL, SRFmICEIL KIS BT 5.

(2) #EhD - TP CIERICE G S N /2K Tl Fe-
Al 5BV SN 5725, RETCMSIC BT HBALHEEED
7OREICEEBIRIERINT, S5 54 BbH
OB OIFNIEDPE Nz, EEAHKTLED.

(3) SMlEMEMARICD > EFEBPEHINLH, REILTS
O LT D> ERPIH I NN 2DZER &7, ZOH
JETREY LS.

(4) WEWD > TS TRET, RO/ s e —)L
IR AMELAZITH T ETENREL, KIEAEmICHENS.
ARBERE B i AR KR

Fig. 20 Io R4 B HERE T, Defect 2 33 LU Defect 4 733%
Y4575, Defect 5 bV BDOMLYBHFEL TWHLDD
BRI ZITE. 2 OE BRI I HH T, RO
OB ERLLDEEZONS.

(1) WREhD - AT, SRS HBRED > ZELE
aEhns.

(2) FrA(Fe-Al-(S) REBHEULEGH) 1, D> EFIC
&34, Thud, BENHOTRERRFIC LD E, HF
W B 5 7o B A (Fe-Al-(Si) R @Rt &), 3%
WIRENZ D > TBEI L 2B HREL TW5 FRARD - XE

e

#(2007)

bl
i+

w1 &

S

(1) Surface treatment
un-reduced Oxide film

Steel sheet
(2) Formation of alloy layer

Pore(Low wettabilite)

Alloy layer

(3) Formation of coating layer

(4) Occurrence of defects

___—Crack

Fig. 19 Mechanism of formation of defect originated from a
residual oxide film (Defect 1).

(1) Formation of coating layer

GL bath

GL layer

Steel sheet
(2) Adhesion of dross

GL bath
Dross (Fe-Al intermetallics)

Y, S
—

(3) Occurrence of defects
AN
ra

Defect 2 Defect 4 Defect §

Fig. 20 Mechanism of formation of defect originated from
dross (Defect 2, 4, 5).

KHENICHET 5.

() FEAMETRL, ROECHTWELD, TOBOMHE
H—)VIZ X B HECEAAEMR SN, KEPERTS. 2O
Kf, ZAREEL FOADMEIZ L - T, Defect 2, Defect
4, Defect 5 D & 5 7 REEOI R EOECPAL %.

A BOBRE C - SRR T B AL K

Fig. 21 ITR ¢ 4 BiBHE © Defect 3 28 & C OHREIC &
THRMETH A5, Ll k51 Defect 5 & &DEELY
FrAfEsn/ic enb, COBBICLEINLLDL
Bbns.

1) HEGHDOD > THHICB VT, & DEORRE
&4 (Fe-Al-(Si) R& BRI &) & BB L4&)E (ALO;, Cal,



(1) Beginning of operation

Fe-Al intermetallics
from ingot

m]
o Z \(
2o
Metal oxide
(2) Middle of operation

(]

Fe-Al intermetallics

Dissolution of Fe formed in Pot

N a0
O
o © @ % D\§ -
(3) Aggregation
N e

o B

(4) Occurrence of defects

Dross

Defect GL layer e Crack

Fig. 21 Mechanism of formation of defect originated from ag-
gregation of impurities in the pot (Defect 3).

Steel sheet

Si0,, Fe;03 72 &) MEAET 5.

(2) PRERFE ORI L & LICHIRPB R 5 D Fe O
BHSEL L. BHL7-Feld, o TWRELERIEL TR
EAL G ¥ (Al-Fe- (Si) R BHEL &) # KT 5. %
7o, T DEELIBRER L O - SIHES ERIEL THE
TLEEZLND.

() AEENFEIH L LIBFOREMALEMBRET 57
0, BLEE & NEMAL &I LUBRIE & B4 % BAG
T5. INHEERDS, LSBT EUOBEMEL, B
WEFEL/IRBICH 5 s ns. $Bt&E s Ea %
VBRI, BEASSMBL CFR AR T 5 EE 2
bns.

4) WAEFETLBRERDD > ERBICMVAENS.
DOFHE—)VIC X HMEIC K - C, B MV EBERITEIN A4
CRMEAER T 5.

BERBIIC BT A KRIEE, 1TEAERRIGHER B X
UCICE-ThEBLILEDEEZLNS.
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5. #&

il

55% Al IERITLER D - & ORI I 5 KA FE« v
TUVITL, REEOEBBEEEEZ L. TNnHLORE, =
T OARBERIC L O KIEAER T A0 EE 2 HNS.

(1) TEHMBEREALER TR 3510 AR KB s Ak b | - 4
FEWENT I\ T, SR OR T OB KR T OB
JELR 5% - 7oA T 5 RIBET, O TEOBEBEEDOEI
AL %.

2) M rF o ZARRMAM] : WU < EEIPICEWT
13, REBEMIC L DV BB S 7 F A (Fe-Al-(Si) &
SRBREMLEY) CEERICAER LI FR A0 - EBICHD
RAENHT ETEL A FEARRDOKIGETHS.
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