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Table 1 Main chemical composition of four furnace tubes (wt%)

Sample No. Material C Si P S Cr Ni w Nb Al Ti
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24 PCRININD 0492 156 0018 0011 3468 4231 0.047 097 00033  0.030
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Fig.1 Thickness of carburized layer of four kinds of furnace tubes

after carburizing at 1075 °C
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Fig.2 Vickers hardness of four kinds of materials in as-cast state and

after carburizing for 200 h
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Fig.3 Cr content in the matrix of four kinds of materials after carburizing at 1075 °C for 200 h: (a) 25Cr35NiNb+MA, (b) 35Cr45NiNb+MA,

(¢) 27Cr44NiSW3AIHMA, and (d) 29Cr44NidAl+MA



4 1]

Mk 6% 450 Fe-Cr-Ni & &2 )& 1075 CEBRAT I IT

* 1037

445 T AR RN IR E B JE RS BRI T ) X R .
BRE R e 5IBHKET 18] o 2 LA R &3 A

" =Kt D
S n (B8 s KON E. AR B 4 101545 H 4 R RLE
1075 ‘C NHEIREN J1 5 T7 R R

€5Cr35NiIND 4 MA = o 480027 105114 o
E35CasNiIND 4 MA = g 443355 095234 o
€27Cr44NiSW3AI+MA o 619278 | 118162 W
ErocraaNiaalsma =€ 0t 180093 5

M4 Bkt BB Bk ) ) %l 26 0] 0, 1075 C R
25Cr35NiNb+MA & &8 Hid B i i, P39 £90.01 mm/h;
35Crd45NiNb+MA & 4 & ik & & 29 0.009 mm/h;
27Cr44NiSW3AIHMA & 4 75 B E & 2 0.005 mm/h;
29Cr44Ni4AIHFMA & &5 H 5 £ 0.0035 mm/h.

3.2 XE&T5Y

SEEH T ARPRERMEAS I R X RIS X 1 XS 26
A5 B . 25Cr35NINb+MA #4 4 Ji i 54 76 R 25 X B
FCAARAT S & T M (111)+(200)+(220)~ (311)F1(222) , B 15 [X.
(222)RT UV 2K, SR IR BE TR 32 B MLC,, I 24X
VBB X AL A M,C, F M,,Coo 35Cr45SNiNb+MA #4
BEHE AR A VI RLX 2K X B IR AT 3 T 45 8 (111)
(200)+(220)~(311)H1(222), IR G A ALY 3 29 M.C,,
IS 25 X B A 9 ML,C 5 B Tk X AL 9 MLC, R M,,C
27Cra44NiSW3AI+MA # R 46 85 25 B 20 X B i X B

20k = 25Cr35NiNb+MA
o 35Cr45NiNb+MA
4 27Cr44NisW3AI+MA
1.5F v 29Cr44Ni4AlI+MA

o
W
T

=]
=)
T

Thickness of Carburized Layer/mm
=

0 50 100 150 200
Carburizing Time, #/h

K4 1075 CEBRRIS 4 Fb RREHRIZ L 5B RRI R B 55 2

Fig.4 Relationship between carburized layer thickness and

carburizing time of four kinds of materials at 1075 °C
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Fig.5 XRD patterns in the as-cast, aged and carburized regions of four kinds of materials: (a) 25Cr35NiNb+MA, (b) 35Cr45NiNb+MA,
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Fig.6 Surface morphologies of four kinds of materials after carburizing at 1075 °C for 200 h: (a) 25Cr35NiNb+MA, (b) 35Cr45NiNb+MA,
(c) 27Cr44NiSW3AI+MA, and (d) 29Cr44NidAl+MA
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Table 2 EDS results of typical parts of four kinds of materials after carburizing at 1075 °C for 200 h (wt%)

Material Position Component  C Si Al Cr Fe Ni Nb w Ti
Matrix - 1.77 - 11.43 38.26 46.63 - - -
Severely
i M.C, 30.78 - - 59.42 9.80 - - - -
carburized zone
NbTIC - - - 18.54 6.68 - 67.82 - 6.97
Matrix - 1.87 - 14.15 38.12 45.86 - - -
25Cr35NiNb  Lightly carburized
M,.C, 7.51 - - 67.41 17.01 8.07 - - -
+MA zone
NbTIC 3.56 - - 8.02 3.25 7.01 76.00 - 2.16
Matrix - 1.78 - 16.56 37.11 44.55 - - -
Aged zone M,.C, 8.75 - - 69.42 14.34 7.50 - - -
NbTIC - - - 2.77 3.48 - 91.55 - 2.20
Matrix - 1.70 - 11.60 21.15 65.55 - - -
Severely
. M.C, 28.64 - - 64.59 6.78 - - - -
carburized zone
NbC - - - 47.74 5.71 5.43 41.12 - -
Matrix - 1.50 - 14.23 20.34 63.93 - - -
35Cr45NiNb  Lightly carburized
MC, 23.42 - - 61.07 9.04 6.47 - - -
+MA zone
G phase - 7.38 - 35.59 - 43.99 13.04 - -
Matrix - 1.49 - 18.40 20.11 57.98 - - -
Aged zone M,,C, 19.05 - - 68.01 6.73 6.21 - - -
G phase - 7.56 - 36.35 - 43.07 13.02 - -
Matrix - - 342 394 20.32 72.32 - - -
Severely
) M.C, 31.74 - - 53.71 7.19 4.43 - 2.93 -
carburized zone
WC 36.10 - - 16.18 5.93 15.36 - 26.43 -
Matrix - - 381  6.82 20.98 68.40 - - -
27Cr44Ni5SW3Al Lightly carburized
MC, 22.45 - - 58.88 8.64 5.32 - 4.72 -
+MA zone
M,,C, 23.58 - - 50.70 8.76 7.07 - 9.90 -
Matrix - - 245 20.18 17.43 55.49 - 4.44 -
Aged zone MC, 22.26 - - 38.01 7.29 21.58 - 10.86 -
M,.C, 17.94 - - 55.39 4.56 7.17 - 14.94 -
Matrix - - 2.07 1142 23.85 62.66 - - -
Severely
. M.C, 18.27 - - 74.60 7.13 - - - -
carburized zone
NbTiC 11.67 - - 7.65 - - 77.77 - 291
Matrix - - 248 14.53 21.05 61.94 - - -
29Cr44Ni4Al  Lightly carburized
M,.C, 12.52 - - 72.43 8.94 6.11 - - -
+MA zone
NbTIC - - - 9.09 - - 80.43 - 10.48
Matrix - - 3.84 1647 21.60 58.09 - - -
Aged zone M,.C, 11.18 - - 73.08 7.24 8.50 - - -

NbTiC - - - 8.82 - - 61.20 - 29.97
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Fig.9 SEM images (a, c, e, g) and EDS line scanning spectra (b, d, f, h) of the cross-section of four kinds of materials after carburizing at 1075 °C
for 200 h: (a-b) 25Cr35NiNb+MA, (c—d) 35Crd5NiNb+MA, (e—f) 27Crd4Ni5SW3AI+MA, and (g-h) 29Cr44NidAl+MA
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Table 3 Microstructure transformation laws during carburizing process of four kinds of materials

Transformation characteristics

Material
As-cast microstructure transformed to Aged microstructure transformed to
aged microstructure carburized microstructure
Skeleton M,C, transformed to blocky
Blocky M,,C, transformed to blocky M,C, (M,,C +C—M.C;)
25Cr35NiNb M,,Cy (M,CitM—M,,C)
+MA
Blocky NbTiC coarsened Blocky NbTiC transformed to granular NbTiC
Skeleton M,C, transformed to blocky
Blocky M,,C, transformed to blocky M.C, (M,,C+C—M,C,)
35Cr45NiNb M, Co M,CHM—M,,C)
+tMA Blocky NbC transformed to blocky G phase Blocky G phase transformed to granular NbC
(NbC+y—Ni Nb,Si.) (Ni, Nb,Si,+C—NbC+y)
. . Blocky M,,C, external to the multiphase carbides transformed
Blocky M,,C, external to the multiphase carbides coarsened
27Cr44NiSW3Al to blocky M,C, and granular WC (M,,C +C—M,C,+WC)
+MA Fishbone M,C; internal to the multiphase carbides . . .
ransformed to blocky M, C. (M.C.+M—M..C.) M.C, internal to the multiphase carbides coarsened
ransformed to blocky M,,C, (M,C,+M—M,,C,
Skeleton M,C, transformed to blocky
Blocky M,,C, transformed to blocky M,C,(M,,C+C—M.C,)
29Cr44Ni4Al M,,Cy (M,CitM—M,,C)
+MA

Blocky NbTiC coarsened Blocky NbTiC transformed to granular NbTiC

SOREFFRRE, NRIARE W EERE, K, HIARGESAEE, FEA #% .
25Cr35NiNb+MA J & KL B Z 22 LR, = 27Cra4Ni5sW3AI+MA I 29Cr44NidAl+MA ¥ % 35
BB AT FIT  35Cra45NINb+MA K T 1 ) A2 A A% R WINTERICHR . 1E m IR IR A I 2 v Py BE T B A AL BRI
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Carburizing Behavior of Four Kinds of Fe-Cr-Ni Alloy Cracking Furnace Tubes
at 1075 °C

Chen Tao, Liu Chunjiao, Wu Zhigang
(National Engineering & Technical Research Center on Pressure Vessels and Piping Safety, Sinopec Inspection and Assessment Center on Furnace

Tube, Hefei General Machinery Research Institute Co. , Ltd, Hefei 230031, China)

Abstract: To analyze the carburizing resistance of Fe-Cr-Ni alloy cracking furnace tube, solid carburizing agent with particle size of 1.5-3 mm was
used to conduct carburizing test on two kinds of traditional furnace tubes (25Cr35NiNb+MA and 35Cr45NiNb+MA) as well as two kinds of
aluminum-added alloy furnace tubes with prolonged coke cleaning period (27Cr44NiSW3AI+MA and 29Cr44Ni4Al+MA). The test was carried

out at 1075 °C for 50—200 h. The composition, microstructure and properties of the furnace tubes after carburizing test were analyzed by optical
emission spectrometer, scanning electron microscope, X-ray diffractometer and Vickers hardness tester, and the carburizing kinetics and
microstructure transformation rules were studied. The results show that the thickness of the carburized layer of four kinds of materials is increased
with the prolongation of carburizing time. After carburizing at 1075 °C for 200 h, the thicknesses of the carburized layers of the furnace tubes are
about 2.0, 1.8, 1.0 and 0.7 mm, and the average carburizing rates are about 0.01, 0.009, 0.005 and 0.0035 mm/h. The carburizing resistance of the
two aluminum-added alloy tubes is better than that of the traditional tubes. The microstructure in the aged zone of 27Cr44Ni5SW3AIl+MA furnace
tube is composed of austenite, blocky M,,C, and fishbone-like M,C,. The “M” in carbides contains elements such as Cr and W. In the carburized
zone, blocky M,,C, is transformed into blocky M.C, and WC, and fishbone-like M.,C, coarsens. The microstructure in the aged zone of
29Cr44Ni4Al+MA furnace tube is composed of austenite, blocky M,,C, and NbTiC. The “M” in carbides is mainly Cr element. In carburized
zone, blocky M,,C is transformed into blocky M.C,, and NbTiC changes from blocky to granular. The inner walls of two aluminum-added alloy
furnace tubes form a dense and stable Al,O; film. Compared with the Cr,O, film on the inner walls of traditional furnace tubes, the Al,O, film can
more effectively block the penetration of carbon atoms into the substrate, thereby enhancing the anti-carburization performance.

Key words: ethylene cracking furnace tube; aluminum-alloyed furnace tube; carburizing rate; carburized microstructure transformation
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