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A Method for Estimating Residual Creep Lives of Cast HK-40

Reformer Tubings

Synopsis:

Komei KASAHARA

Results of short term creep rupture tests of creep damaged cast HK-40 reformer tubings, which were
removed from ICI steam reformers after about 40000 to 70000 hours of service, were analyzed cor-
relating to the various metallographic factors. It was found that area fractions of voids and fissures,
which were characteristic of the third stage of creep degradation of HK-40 alloys, bore a good corre-
lation with the creep rupture property expressed in the from of Larson-Miller parameters. Through
analysis of the results, empirical equations for estimating the residual creep lives were proposed as

follows:

log 6 =—0.73744-0.2994 P,—0.01130 P2

Py=P+0.60+0.60 V
P=7x10-3 (logt+15)
where,

o : scheduled operating stress ( kg/mm?2)
T : scheduled operating temperature (°K)

V : area fraction of voids (%)

¢t : residual life (h)

The only one inspection to be involved in the present estimation is the metallographic quantitative
analysis of area fractions of microfractures as voids and microfissures. A criteria for the renewal of
the existing reformer tubings was established to be an area fraction of voids and fissures of 195, when

the residual life would fall short of one year.
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Fig. 1. Diagram showing layout in the ICI
steam reformer furnace.

Table 1. Nominal dimensions and operating conditions of reformer tubes submitted to this study.

Inner Wall Design Design Service Number of
Tube diameter thickness Total length temperature pressure duration shut down

(mm) (mm) (mm) ) (kg/cm?) (h) times*
A 127 16.9 9873 891 26.4 45 049 25
B 127 12.3 9901 859 26.4 44 031 27
C 127 16.9 9873 891 26.4 38129 16
D 127 10.2 9732 897 14.1 53 946 31
E 127 13.4 10 309 896 14.1 68 356 35

* Inc ludes both scheduled and unscheduled shut downs.
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Table 2. Chemical compositions of the test HK~40 (ACI designation) reformer tubes.

Composition, wt% (Fe balance)
Tube Section

C Si Mn P S Cr Ni Mo

A 2nd 0.42 1.26 1.71 0.020 0.015 | 26.07 20.65 0.09
3rd 0.40 1.12 1.69 0.021 0.015 26.08 20.73 0.09

4th 0.42 1.17 1.64 0.017 0.016 25.92 20.61 0.10

B 2nd 0.39 1.15 1.68 0.021 0.012 25.93 20.72 0.17
3rd 0.35 1.25 1.43 0.020 0.020 25.92 20.94 0.18

4th 0.38 1.15 1.47 0.020 0.017 25.80 20.33 0.16

C 2nd 0.39 1.12 1.53 0.014 0..14 25.22 20.66 0.09
2nd 0.42 1.31 1.58 0.018 0.012 25.97 20.28 0.14

3rd 0.38 1.16 1.53 0.012 0.019 25.98 20.23 0.07

E 2nd 0.39 0.96 0.78 0.015 0.020 24.72 21.57 0.08
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Photo. Microfracture formation along tube

length at the reformer tubing A.
Distance from the top flange (mm)
and area fraction of voids (%) are
represented.
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Fig. 2. Longitudinal distribution of area fraction
of voids in the reformer tubing A.
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Photo. 2. Optical and electron microstructures (10N-NaOH electrolytic etch and carbon
extraction replica, respectively) of creep damaged HK-40 reformer tubings.
Area fraction of voids is (a) 0.17, (b) 1.47, (c) 2.90 and (d) 4.58%,

respectively.
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Results of creep rupture tests of service
damaged HK-40 reformer tubings in re-

lation to area fraction of voids.
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Fig. 5 Larson-Miller diagram for

service damaged HK-40 reformer tubings.
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Iig. 6. Nomogram for the calculation of residual
creep lives of existing cast HK-40 reformer
tubings as a function of observed area
fraction of voids, V 9, scheduled operating
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Fig. 7. Relationship between area fraction of
voids and residual creep life estimated
using the nomogram in Fig. 6.
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Table 3. Criterion for the renewal of reformer tubings.

Characteristics of
microfractures

Area fraction of
voids (%)

Residual life (h)

Measures

0.1 Small amount, random and

Less than one-forth Requiring of care for

unoriented voids appear the life the progress of creep
damage
1 Alignment of voids begins Less than one year New tubes are to be
prepared
3 Fissures which exceed one-half | Less than two months To be renewed

of tube wall thickness appear

4.5 Some of fissures go through
) the tube wall

Gone To be just renewed
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5V % Wi o ROMEEEL S 15 &,

s =(1+16g) So=(1+105 ) 25te(ra+ %)
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V¥, Fig. 8D X 5 WIEEMBARICDS. BEFM,
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Fig. 8. Theoretical deformation of outer diameter
of HK-40 reformer tubing as a function
of area fraction of voids and residual
life.
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(1) 3%k ) — Sl Ao HK-40 8L 0855
SED HLEL2 BRbTIEE LT, R4 FO BHEXR
&y 2RI DM AL DR (PR F2) MR T
2755 ERWELAIZEOMEIOETHEDOFNEIS.

(2) TWREV (%) OF4 F2FELTH2Z HK-40

YA

RO ERISE OBREHEMT, WX S EESE sk
4.

9

log 6 = —0.7374+0.2994 P, —0.01130 P2
Py= P +0.60+0.60V
P=T x10-3(log t +15)
T, o S5HBO@AGS (kg/ mm?)
T : S%BoMRRE (°K)
¢ RFHRG (h)

(3) 10 Fh oFaz TP LUTHESSh, #HIN
Tv5 HK-40 8GR OSSR GE T, Bid S KA RS
i LIAD D KA FOEMEER V =1% OB {LENE
ﬁ®ﬁffﬁb,u@ﬁmfﬁﬁ%ﬁﬁl¢%ﬁé

o, KRORTICHI-2>THIREZBbD L

%mk%t”%%mﬂ%ﬁﬁ,ﬁﬁ%w%ﬁéﬁﬂé
PSRBT (BR) AR R e P e iE Bk i 5, AR i
NENFEAEFOBEAR=ZR T, KNBIRESOWE K, 7n
5O T OBMRH KICH L, L 5E#HMOE
ZELET.
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