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Abstract Diesel particulate filter (DPF) is a typical application field of cordierite (Mg,Al,SisO,5) honeycomb. Green body
for DPF honeycomb was extruded using slurry paste and sintered at the temperature range of 980~1450°C. Quantitative
crystal phase analysis was carried out by using Rietveld refinement method for powder XRD data. In conjunction with the
quantitative Rietveld analysis, SEM-EDS analysis was carried for the crystal phases (indialite, cordierite, cristobalite,
alumina, spinel, mullite, pro-enstatite). After removing amorphous phase on the sintered surfaces by chemical etching
method, the shape and composition of the crystal phases can be clearly identified by SEM-EDS method. By combining the
Rietveld refinement method and SEM-EDS analysis, crystal phase evolution process in DPF cordierite ceramics could be
clarified. In addition, the coefficient of thermal expansion (CTE) of the DPF honeycombs were measured and compared
with the calculated CTEs based on the quantitative crystal phase analysis results.
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expansion, CTE) H3}E EA519 1, 2479732 AHENNAAE vfgtez A4ke CTEY vluslsith &4 % DPF U3 U
o] AA4E°] CTE 549 vX e 4Fe 2@dsa).

.M E 7}~ X818 DPF(diesel particulate filter)°]TH1]. A&
A w17k sl wEel 2ge Aol o)
St o2t E(Mg,ALSIO; 2MgO-2AL,0,°58i0,) 8t 2ol ARE Foll E-&=ol| sl o] WAsAY 3t
Uz Mep e g4 g-&Eeke] she Asat wizl S QdTh2,3]. ArjojEle|E ARt ae W d9
A4 (average linear CTE ~1.6 x 10°/C)2 2H7] &0

*Corresponding author H1717k2= 818 DPFe] Al=te] gl = ;E'ZL—E}EH‘LS]-
E-mail: kimjungs@hoseo.edu Fr|ogo|E A= =& tAA (crystal symmetry)
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ATH6,7]. BlE W Lol 1200~1350°ColE
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Fig. 1. (a) Extruded green body for manufacturing 5” (diameter)
DPF honeycomb cordierite (b) Sintered cordierite (magnified
image of honeycomb cell and wall).
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Fig. 2. Powder XRD pattern and Rietveld refinement profile
for kaolin raw materials used for preparing DPF honeycomb
cordierite ceramics.
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Fig. 3. XRD patterns (a) and Quantitative crystal phase analysis results (b) for the sintered sample at the temperature range of 980~

1450°C for 7 hrs.

Fig. 4. SEM microstructure and SEM-EDS analysis of crystal phases in the samples sintered at (a) 980°C and (b) 1180°C for 7 hrs.
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Table 1
SEM-EDS analyses of the crystal phases shown in Fig. 4(a) (of the sample sintered at 980°C)
Element [P27 P28 P29 P30 P31
at.%
Al 26.38 27.65 29.02 22.57 24.26
Si 16.90 5.50 3.74 12.13 9.34
Mg 0.21 0.89 0.58 0.98 1.20
Na 0.00 0.34 0.45 0.38 0.40
Ca 0.00 0.00 0.00 0.21 0.00
Fe 0.00 0.00 0.00 0.00 0.28
(0] 56.25 65.37 0.00 63.73 63.73
EDS ' |
Spectrum | |
1 0 Fe [Nal Mg |A S
|
|
i 0 Na' Mg Al Sil
[y-axis: Mg Al S °l ' 9 . Na Mg [All [Si
relative ‘ il
intensity, {
X-axis: b il
keV] I i
e BT ) By \ ‘* “ o i
s 1o 15 05 10 15 s 1o 15 os o 15 0‘.5' EAREN ‘1‘.5' o
Table 2
SEM-EDS analyses of the crystal phases shown in Fig. 4(b) (of the sample sintered at 1180°C)
Element (P20 P21 P22 P23 P24
at.%
Al 29.92 2.09 24.08
Si 4.35 23.50 6.04
Mg 1.14 0.65 1.85
Na 0.00 0.76 0.55
F 0.00 0.00 2.55
Fe 0.00 0.00 0.00
o 64.60 73.00 64.93
EDS ]
Spectrum | l
Mo I Bi| o Mg Al Bl | 1o Nal Mg [ sij | O/F  Na Mg lAl [Si
[y-axis: i
relative |
intensity, i
X-axis:
keV] |
.‘-jvj\{‘ '.):\ e e
Lo e 0% 10 13 05 10 15 05 10 15

Aol cordierite/indialite A2 W3}sic},

1.5, 0:56~64, at%)°]3L, 738 (p28, 29)°] AR S &

Figure 4= 980, 1180°CollA] 7hr &Z%F A8 ¥H
°] SEM ZAARIoltt, 980°C &4 AlRoX e dE=
AREEE GAo TR YRF FAo]l IR A E o
U] T2 FFe] AR SEC] HEAFJTE 980°CAA &
A3t A E (Fig. 4a-1 & 4a-2)004 I4(P27,30,31)e] 4
4= aluminosilicate(Al: 26-33, Si: 13~17, Mg: 0.5~

o =1

A=}

HLH(AL: 28~29, Si: 4~6, Mg: 0.6~0.9, O: 65~66)% -2
dth. SEM-EDS #4 ZA¥= Table 19 “g2]airt.
Figure 3¢] XRD #4147} v]wa| ¥ aluminosilicate
(p27,30,31y= mullite(3AL0;2Si0,) A& FActe T},
1180°CollA] &73+ AJE (Fig. 4b-1 & 4b-2)M%= T
A T8 (P21,22,24)0] AR Eo] HEE =T, 980°C Al
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1360°C 7hr

1450°C 12hr

1450°C 7hr

Fig. 5. SEM microstructure of sintered surfaces for the samples
sintered at (a) 1340°C, (b) 1360°C, and (c, d) 1450°C.

FollM #EE WY A dAeke] Aol e o
Ao] AAAst w07 Hobxar, YA; 7o ARk
go] FPE Ao] WAETE 7Y (P21,22,24)0 2 ]
5L FuLHAL 26~30, Si: 3~5, Mg: 1.3~2.2,
0: 64~68) oz BEAMHL. 22 AAFE] -7 &
AAH(P20)= magnesium-silicate(Si: 21, Mg: 18, O: 60,
Fe: 0.25at%)°Ith. & bulk o] YAKP23 )= FAE]
Si(Si24, Al:2, Mg:0.7, Na:0.8, at%)24 SiO, Fo=
EAEY Figure 39 XRD #4 Az} vlwsins
magnesium-silicate == pro-enstatite(Mg,Si,0;) 22

A, o] Eaflsial AdE Ao= dAdETh. SEM-EDS
F24 A= Table 201 B2 skATh
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24% N8 ¥HE SEMOE #HEd FZARolt)
A7 FHe] e k] o] AFIpgex AR
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Zlojtt, AR ofugl 4F Tl Hfo] FES}
£ A" Helth ALO,-MgO-Si0, 4HAl AelE[15]
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HFo] FAEZ] Al 24, SioyF 2 RS
JollM= oF 1360°CHE] Hd + FAT]ofZfe]E + spinel
' 9o FAEL, ALOYE FF HE3 JellA
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tlojglo]E 2412 DPF sUZ A2ty A8e 2
sH o2 FtojglolE Aol Hr) XYt DPF
U7 AEE A HAFES 952 AMESIS]
el AdIGolx Alg o] 57 2Ado] FEA L
2 stoichiometric Aol Hloju}r] & 2F 1310°C
FE o] FAsH] Aldshs Ao R whdE

AR 47 BH dEEe 2Ae 3de BEE]
st 71 gl 53] BaE 2R 3EdRE o
k5] & 7} glojA], XRD Rietveld st &4 A3}
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Fig. 6. SEM microstructure of the etched surface and SEM-EDS analysis of crystal phases of the samples sintered at 1340°C (a) and
1360°C (b) for 7 hrs.
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Fig. 7. SEM microstructure of the etched surface and SEM-EDS analysis of crystal phases in the samples sintered at 1450°C for (a)
7 or (b) 12 hrs.

Table 3

SEM-EDS analyses of the crystal phases shown in Fig. 6(a) (of the sample sintered at 1340°C for 7 hrs)
Element |P10 P11 P14 P12 P13 P15 P16
at.%
Al 1939 |16 21.14 18.23 19.95 2.36 2.39
Si 1489  [13.32 [13.9 8.78 5.08 15.86 16.86
Mg 6.37 8.03 8.58 9.2 10.06 19.04 18.52
Na 0.00 0.00  |.0.00 0.00 0.00 0.64 0.00
K 0.00 0.00  [0.00 0.00 0.00 0.00 0.00
Fe 0.23 0.29 0.62 0.82 0.79 0.43 0.62
(0] 59.13  |62.37 |55.77 62.97 64.11 61.67 64.14
EDS
Spectrum 0 IFe Mg Al 8

Fe Mg (Al Si
[y-axis:
relative
intensity,
X-axis:
keV]
T -+ A AR AR AL
P10 P15
Aol oHoz s AAE ] AR TS AHE Al3, at%)Z pro-enstatite “Folth. 2 €19 F(P10,13),

9 13
ot WAEEA, B, AR, M, 7 53

Figure 6(a)= 1340°CollA A&Z3E A5 SEM AR
o= 2%, A4, B 5o Y] BAE. 47 4
ZH(P15,16)= magnesium-silicate(Si: 22, Mg: 23, O: 52,

TAHP12), THP1L,14)0] AES
8% aluminium-silicate(Al: 21~27, Si: 7~20, Mg:
7~12, O: 56~64)Z, °|& FollA AlSi H]&°] 4:39] 7}
748~ A (P10,11)& Al-Si spinel(2A1,05-3Si0,) o]
ALSi H]&o] 3:19] 7P7HE 7S mullite(3A1,0,-2Si0,)

EF M7t g8
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Table 4
SEM-EDS analyses of the crystal phases shown in in Fig. 6(b) (of the sample sintered at 1360°C for 7 hrs).

Element |PO P1 P2 P3 P4 PS5 P6
at.%
Al 3192 |25.35 24.63 4.98 7.37 0.00 7.35
Si 11.32  |12.56 8.71 19.73 27.07 21.76 28.86
Mg 1.42 3.72 1.50 5.69 7.40 0.57 3.28
Na 0.00 0.00 0.00 0.39 0.00 0.79 0.64
K 0.00 0.00 0.00 0.22 0.63 0.00 0.79
Fe 0.77 0.48 0.51 1.53 3.24 0.00 0.70
Ti 0.26 0.16 0.20 0.88 1.84 0.00 0.38
Ca 0.00 0.00 0.00 0.45 0.82 0.00 0.00
(6] 54.32  |57.73 64.44 65.38 51.65 76.88 59.99
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Table 5
SEM-EDS analyses of the crystal phases shown in Fig. 7(a) (of the sample sintered at 1450°C for 7 hrs).
Element P41 P42 P43 P44 P45 P46
(at.%)
Al 11.03 |11.46 |8.13 4.40 12.30 8.12
Si 18.46 [21.55 |20.00 26.92 16.58 21.27
Mg 6.04 16.00 4.79 2.05 5.90 2.66
Na 0.26 [0.04 ]0.31 0.45 0.00 0.06
K 0.25 10.07  |0.00 0.05 0.12 0.05
Fe 0.55 0.82 3.05 0.60 0.09 0.93
Ti 0.16 0.53 1.61 0.00 0.00 0.00
(6] 63.26 [59.52 [62.11 62.53 65.01 66.90
EDS |pyq | |
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Table 6
SEM-EDS analyses of the crystal phases shown in Fig. 7(b) (of the sample sintered at 1450°C for 12 hrs)
Element | P53 P57 P54 P56 P55 P58 P59
(at.%)
Al 12.16 [14.21 3.37 370  [8.53 16.00 18.83
Si 19.95 |21.89 17.39 18.91 [18.03 13.61 11.13
Mg 633  16.67 2.73 2.79  |5.08 2.59 0.80
Na 0.17  ]0.00 0.00 047 10.19 0.34 0.26
K 0.00  ]0.06 0.00 0.20  [0.00 0.03 0.13
Fe 0.00  ]0.00 436 1.72  10.22 1.42 1.09
Ti 0.00  [0.00 221 1.13  10.00 0.00 0.00
[0) 61.40 [53.91 69.95 71.07 67.95 66.02 67.76
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Measured CTE
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9.81ppm#°C | | 7.2ppm/°C
Quartz a-p
3 i
5 0.0084 7.36ppm/°C | | 8.9ppm/°C
< |
5 :
.g 0.004 - . <F>
£ g 3.84ppm/°C | | 4.8ppm/°C
8 0.0024 . |
- 181ppm/°C | | 2.1ppm/ec
1380°C |
0.000 T450°C 0.84ppm/°C ; 1.7ppm/°C
0 200 400 600 800 T
Temp. (°C)

Fig. 8. Dilatation curves and measured CTEs for the samples sintered at the temperature range of 980~1450°C [Calculated CTEs are
shown on the right-hand side.].
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