H M2 R 4

4] EHo st —

il . T
- U —— , PR — P——

Cg 7}-2}- Engmeer €9 Ackat FAA
7

SECIE R

‘4 3htal Aol
80§l @ g5 FAA A7 A ¥ L2 154S
)@ o] A el E5AE AAF 10—
12%¢ FHEdely 2 <

RO, Fr19 3

i 59 &
JAE Fap Hy)
A

pur A

vh w2 EAE HaT
2 e 2 a7 E Holw, I 7 33
ol A o} FAl] Ag AHo] FobHstn AT ol FE
q7lel s1g Fol

o 7le Fule] B4 FAS ddE adtd HA G
He 259 oMl E A= $2E vhetnA 3
u},

1 22THUM 24

NHs <} CO, & Q8 23=
300 atm oA FPF ez A
4e ¥ BAe »g/v‘fslz )
NHg—Carbamate 434 (Reactor o] 4])
2NH;3—CO;=NH,COONH,+38, 600 kcal/kg mol
NHy—Carbamate & 2-<4~(Decomposer o} 4] )
NH2COONH=NH,;CONH,+ H0—5, 200 kcal/kg mol
Decomposer ofj A ] grero] 98 249 442 50—
(0% Azolmzg 2ol F& olge] wyhE
* ool fxz= 1965 8l 9 £e3 F3 4 g 447

CEL 3‘01/‘1 A 2ol

EFuls FANA 2REH

£ 4F 160—200°C 170—
—"4% 2 wgrlFE

A &

B1atTE, M43 H12, 1966 43

COy NHy 5% AHAA 22840 Agary =
= ohE =6 2l
Inventa process 9] &¥» .3} SaFgAaH L 180°C, 210

atm 9] 843 (a4 260 MT/D 7]F o2 NH; 340
MT/D, CO, 4001\IT/D)°’7/\'} carbamate & A4 3}
29 decomposer o] A B3] 94 A o
we] E vwrs sFA(NH3 190.\IT/D, CO; 210
MT/D)= 549 goz 749 434 Feo4 NH;
% CO 2 EH3F 3 AeFA7 & wolr},

o] FAZolAE lig NH;, CO; & utility AES
carbon steel o] 9434 L ALEF A EL austenite
74] stainless steel o] AR5 3z 9]},

FAAAY B4 2274 Y liner, TAFY
%7—17‘-’:}, AeF AFY swipper, COp §H37]9] Wy
g CO; pipe line o4 dojriz
lig NHs

9lom urea melt,
ol & H4 2 dojtx] ¥tz decomposer

T2 A 59 3 Aol A g}
Eirge® = carbamate & let-down ¥2.(210

atm—8atm)2] 42 BE 6—1270¢€ Q¢ A4 A
sdel $4¢ 9% F08E Aol 4dn 9o
(Fig. 1

7} NH;—Carbamate 0 2|5t &4

SEEYFE WA Wem Fo] 21m 9] Feol= bottom
o] 4 COp @ lig NHz 2 ZFulo} carbamate 2 4
ol top o2 ¥ HEsel letdown THE A+
Satm . & 7FetEo]  decomposer o 4] 24F AAIF
o},

A ete] w2 o Hldullolmz YR E 974 1
Zo] 20m & U-tube cooling bundle o] glojA ubE-
% 180°C 2 #AF= givh, (Fig. 2).
AFAA FAF lining Aazd LA
T 374 Pb, Ag,
Au, Pt, Ta, Ti

r}on

AL 0281
Oz FF3holl A

stainless steel -£<¢l¥] Fauser-

Al-bronze %,

(39)



SEREELE B CEEREE

Montecatini, Stamicarbon, Inventa process Fof A&
FA AR 24 0.2—1%V & 0(CO: ofl HAADE F
=3} stainless steel lining 2 3}x¢] v},

24 84T L-L vulean alloy VA(Y 9] 18—8—
Mo A stainless steel)Z lining ¥]o] ¢] 37 cooling tube
bundle = & A8 & A3z O & FTF3=z Ut
Decomposer, evaporator @ A+3 A EL 18874
stainless steel & A}-23tx 9

AR BAAAE O FF ii‘i FAo] AAHz
1o} stainless & 93] passivate HE AL ok
N $Az7E QAL 2 urea melt 9] Fe daF
o] ket AAELAANAE vlgko] REH = gle. 4
o= WAGE &
AT BT go BT BAAAE 248 o

=} passivatc @ stainless & O FF

9¢ BAol. $4ULE 2x2 o4 NHONO
8 COz 9] B48¢ HaS Fol 23 depassivation o
71l gtetn dANHE, CNO- & Cl- 3 §5% A=
9 v SAHE Fedusi v 180°C 49
499¢ = 238 Aol

Case 1

1961 69 O35 24 TF dol dgl=d
Az o] 3498 A&do] 247 Felx
Fez odd A449 g7 A=A, 09 NHa
& BARG BFFIed 14 oA xHsg ot
VFEQFol $AAA G PG A AH
tube 7} & A 3}A| galvanic corrosion Ho} 9l ¢ o3 tube
478 0.13" % Fa@Del AL (Fie.

Tuoe bundle & straight tube ¢} U-bend & & 3 3}

o] g

coolirg

Table 1. Analysis of Cooling Tube of Urea Reactor

Sample C Mn P S Si

Corroded — 0.05 — 1.40 — 0.033 — 0.019 — 0.25 —

|
U-bend 0. 06 1. 48 0. 036 0. 022 0.28

Straight — 0.02 — 1.44 — 0.028 — 0.011 — (.42
Tube 0.03 177 0.030 0. 013 0. 44

Cr Ni Mo Ti Cb Cu
187 — 81 — 0.30 — 0-93
| | | Trace Trace i
18. 8 8.2 0.32 C. 06
181 — 1221 — 2.26 — 0.02

0. 02 Trace
18.2 12. 4 2.46 0.03

Note 1. The results show ranges of four analysis for each sample.

2. Two samples are different in Ni and Mo Contents.

HEelA ok 7019 7 U-tube 2 FAHA RH o¢
788] U-bend gt ¥4 5P ZAolct, AALHEAS} =
o] dAFA tt2ge AL Fdgden AF A
o ARole} A=z 9ird. (Table 1)

o] Abite] WidF AME iAo @A 22E U.bend &=
% Agdtz 2 9L stainless 316 L 2 2w §4
e O T FFY F7h NHy/CO; 54§ 70/30

oj4 f=l, CO2 59 HSAA 59 e § A5aA
= At
Case 2

QpAoz 2R 240 Aag oA o
A &9 liner, tube bundle, evaporator 5¢] £34
x4 & 4 A=}, (Fig. 4,567

£ 3} heat affected zone o] X
corrosion cracking ¥ 7] 4t} o]RE&
FzAE & G ot stress relief & EFF,
=E 239 A Jdsie Aol olHE F74Y
2o Fof tube bundle & W7} 4=(==steam condensate)
= NHy4-Carbamate o] 2]#] 4 2.5 o] =z conductivity
+ 5,000 micro ohm! cm-! & %3}3}7] £3F¢] NH,
€028 €42 E& condensate & ¥jg]A =z}, o] %
ot 2} leak point & FZo] =g oz %5 15atm 9

(40)

B A AL stress
24849 3

mlm

= freon leak detector 2% FHE A
A 2 glel Au] Ao & fzst 5 gleh
fﬂ%}o{ A BB UNO; & passivate 3t free

AAs L Q& ¥ FE A Btz Uk

LF CO. 0] o/t &4

CO2(COz 98%, Oz 0.1—1%, H2S<10ppm) FFA
£.2 carbon steel(intercooler ¥ stainless)o] v} 7F <A1

oA FAAFL ZA gou FAAH L 0.0001
—0.0005 IPY o) e}, =22} dew point(:x?) o] &}
oA = FEMo] Fo] acid corrosion(AFHHE-2])E o
7174 e,

Case 3 (Fig.8)

CO; 9t &A] 59 pipe line 3 separator(2-&+3]A)
7} EAE gy 47 mE 3=t Separator
A Base $35e AAE BRAGA sl b
RS pipe line 3 HE18) ¥4 zAsnch ¢

79 wtrel Ay Fo] Ag pitting g o7zl
on] o) Fdtn BFo] gAsd, Ay WEE
‘9"%‘?1’* o] gle

H oA A2 gos oA =
2Ag deslE Aol BAold, FUwr Eol
46‘“7}‘ ERAL o] ZaAel o] separator 2 F-H

FHo] carry over 57 wFo] H2e] AF; =]k

J.KIChE, Vol. 4, No. 1, April, 1966



IR =3

z&dgezr FAol d e
2} xgz}s{]_ £ °ﬂi/‘1 recycle COz &7
Al H separator & A

Hed AEgAE 22FAAY vlurest
gz FAH, o 7}i%°
)E NH3 9} COz & 33t stripper of
ol

7} NH3;
scrubbing

Strlpp@ = A7 120cmql sieve tray 147 & ZE
224 top tray °ﬂ %—%EI{— A A 4(NHp 20—25%,
CO; 10—15% wyell 4 E 4% NHz—CO; F7](NHs

55--65%, COz 30—35%, H20 5—10% wt)= overhead

o4 ¥} &8}z bottom o2 HElE H, 0% ¥|&3c
(Fig. 9
A3 A5 ZE g3 pipe line 9] A} 8 ¥ stainless

504 019} 37 2 NHz—CO;—H20 A o] v},  Stripper &
7.9 atm 3}of| 4] &% 2 ¥ overhead 130°C, %7} 165°C
bot:om 176°C o] FAo] 744 APd HEL 257}
32 overhead 9 top tray o] gleh, o] FE FA o]
A% AL Ftxe] stz s Aoz A
3 et Bar e HEER] ¥ it

Case 4 (Fig. 10, 11)

Stripper = A FA] shell & stainless 304 clad
Ae]ld tray = T4 1/16”° ¢l stainless 304 plate 0]
o+ AL 6L - o8 overhead cover, shell
S A%, top tray Fol AP 2F top tray &
F< 9 A8 gA=] gl shell 9 stainless clad
= E4) 7/16" olel A o] 1/4’ o] P v}. stainless 304 &
A=)
=
3

ﬂ .1[1 b

shell o] 225 2
2 lining 3}A v
A stg e, 22 ML 3ol stainless 319L tray & A
stainless 316 L 2 m&=E g oy o] AL £ 67 L ute

7z 33 <3 overhead cover,
=]

2 B9 tray 2 stainless 319 L %

= £ ot Fkoh (A stainless S19L & 7@
+ QT o159 service life oA 2ASEE 4
B

stainless 304 0.06—0.4 IPY
319L 0.02 IPY
316 L 0.2 IPY
o] =,
24 tray )

FeqO3 7} sieve hole & =

ozt ¥4
top w2l HEo] olRg A

F3EE 3

star@et, B4 H 13, 1966 48

2ol gl Ae ¥4

A A A 2L Helo} B,

2 B A"l 4T A9 Aol 4R Ag,
Ti, Ta, Zr 39 AFE, FF5H f2], Teflon 5
9 wlgge] WAAE 4 AP wolAd
(Table 3)

A7) & w2 el ]l cathodic protection 2 A

Table 2. Corrosisn Rate of Galvanically Coupled

Specimen in Stripper (in absence of oxygen)

Couples Corrosion rate, [PY

In Lig.
55 304 0. 0006—0. 0063
Aluminum 2S 0.04 —0.07

In Vapor.
SS 304 0.002 —0.077
Aluminum 2S (.003 —0.014

#Aelr] e AlE sacrificial anode & & Al

stainless 304 galvanic couple(E= & 1:1)-F vapor
phase &} liquid phase of =2 A]A liquid phase of 4 &=

ulA g8 el st oh(Table 2),

2 JelsR el AEYH AZ A5 H
A ulelo] H A= ok ok,
ZF stripper & ¥ML 1963 39 O & FF3

stainless & passivate A]i' 1e2A A5 gk, Pure O2
2 FEsE AL Heobel v fgAe] g1y = £l
(stripper o] Ho7b £98 sb54de] b)) A AlE
oA 3 EE A COAO0; 3 1%V)E stripper
9 Z7te] FFshe] overhead ¥WE7tx=8 O T2 &
300—3500 ppm 2 2A Y 3P, 0.01—0.3IPY o] #
AL Oy FFo)F 0.00—0.01 IPY 74x] gAsde
stripper ¥4 o] 9% +34A L =id 203 old
Rol T ozl Ay GARc}(Table 4),

2. muLor SN £4

NHg ¥ Harber process off ¢34 NHs 34 Z=f (Fez
O3—Fe O F)) ZA3te] 450—500°C, 236-—240 atm
oA TAHZ 9 F(NH;, 160MT/D). No= F7]

g8A FFEs Ho e
FAgle] 98l A B rta(He 45%, CO 43%V)E
A b A BE (Fe03 FA) EA8l] #5715 55
wown 430°C, 27atm oA dolR AZJrLA(H: 55%,
COz 30204 #-] F+5 i et

o] FAA F49 Fglelgx v RE (O
HpS ol NHs7b, lig NHs 37153 F
FA98 e o 9 A ZHh

Texaco process Ql 5%

L /-

(41)
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Table 3. Average Corresion rate in Stripper (Corrosion rate in IPY)

45 days WithoutO, and  f

. - In absenceof Oy(Before . s In the Presence of O
Material Location “ 23 days with O, (Feb 7 P 2
Feb. 7. 1963) to Apr. 16.763) ! (After May. 26. 1963}
** SS 304 Lig 0.16 —0. 41 Wt. Gain
Vapor 0.001—0. 08 <{0. 0001
SS 2161 L, 0.02 —0.09 0.038 <0. 0014
V 0.03 —0.11 0. 060 < 0. 0004
SS 317 L 0.010—0. 016
A% 0. 006—0. 016
SS 319L L 0. 040 Wt. gain
v 0. 035 Wt. gain
S5 521 L <{0. 0001
v <0. 0001
S5 347 L <0. 002
v <0. 0000
5SS 410 L >0.16
A\ >0.16
Carpenter 20 L 0. 067 0. 003
A% 0. 063 0. 049
Aluminum 25 L 0.02 —9.06
\'% 0. 006—0. 01
More!l L 0.15
v 0. 02
Hastelloy B L. 0.13
\% 0. 07
Hastelloy C L 0.04 —0.05
\'% 0.04 —0.05
Hastelloy I L 0.04
A% 0.02 —0.03
Lead(Chem. Pure) L 0. 003—0. (05
A% 0.014—0. 017
Silver L 0. 0024 0. 020 0. 0003—0. 001
(Chem pure) V 0. 0005 0. 0002 0. 0003—0. 003
Tantalum %r 0. 0001 0. 0001 0. 0001
Titanium-55 L 0. 002—0. 006 0. 0006—0. 0024 Wt gain
(Comm. pure) V 0. 00035 Wt gain ”
Zircalloy-2 L Wt gain Wt gain Wt gain
(Zirconium) A% ” ” "
Epoxy resin coating V Blistered
Glass reinforced bis . N . .
phenol polyester plate Elistered & cracked
Teflon L.V Excellent Excellent Excellent
Polvethvlene L.V Brittled & discolored to grav
Ebonite L.V Swelled
Glass LV Excellent Excellent Excellent
* Location of corrosion coupon (Fig. 9)
Lig ; down-comer of top tray
Vapor: over head cover
** S8 stainless steel
Table 4. Frequercy of Stripper Shut-down Remarks 1. Shut-down cause; Corrosion and plugging of
v " . Total sieve holes by corrosion
ear 1960 1961 1962 1963 1964 ota product
Frequency 3 6 9 12 1] 30 2. Start-up January of 1960
Day 12.8 23.1 22.0 23.9 0 81.8 3. Oxygen feed March of 1963

(42) J.KIChE, Vol. 4, No. 1, April, 1966
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7 '?;:::'.-.7!"\01] 2|5t 74

F2E 400°C 2 9" F4—FE29E 0,8
2 35atm 1,400°C & 7l 2ojl A HE A3
G 899% ArzA F48 Hy COOlH T

8958] (COs+ HaS) & 3-§-3tc}, o] 7} water quench
o] free carbon(feE]®&)E FE3tn thA 209
scrubber o] A A F=o] C, HjS, CO; o] AAHT
}x] =} B A 7 Q) diethanolamine(DEA) A3 -& A3
A7 AR FwEEh

o] B39 0O, ¥ Y57}~ pipe line stainless 347,
oj<d Fo] stainless 316, DEA pipe line
€9] tray = stainless 410 5-9 A&
$ A28z Qo0 $AL AndE FES Aty
scrubber ] Z21A]q] steel
ring, waste carbon disposal line S-o|tf,

Case 5

Scrubber &= 2] glow= 2
ber & A1A ofA 40°CZE
.

E5) scrubber o] & F7 1/16” ¢l steel ring ¢} A
o] el CO, HiSel sl H4so] = =g
93 glen BAGEE 0.0 PY 2 F45 2 g2,
%) scrubber o] FAAE ceramic Ql¥] FHEF R
A A o] 24 FAAE A stainless,

= O, A ,_L_—,‘I
ST

& carben steel

29 burner tip(Fig.12),

200°C &) 7} 2% A A scrub-
WAl $4 Aol E78

Al Eo] W44 ojgenz Alring & A3l AH
Fole.
Case 6

FEItzdA £
wolal 3o whad
= of

pipe line o] -2

Table 5. Corrosivity of Waste Carbon Suspended
Drain Water

Vzterials Corrosion rate, IPY

Cast Iron 0. 0477
Carbon Steel 0.1142
Stainless 304 Wt. gain
Aluminum 2S 0.0111

3A 87 Ak Eagich whad
o] ko]

pH : 7.0

COz: 30 ppm

H:S: 160 ppm

C : 0.24%
24 HsS, COz¢ ¥ gizg]#te

#5739 A4=

]
AL L= 80°C

ervsion &) Blo

ai828, M4 M1E, 1966 43

gty Bwgleh, APA S sicel pipe Bobe FHRL-
AHgatE Aol WA Aoty ZEL ¢ gich(Table 5)

L, FEIIEA 28 F4f

28 atm, 450°C &} T4 7t~ AFHS 543 A7)
2% $£F78 2350} glo FA4E Hy CO; oY

o] HaS(200—300 ppm) Na, CO, CHy % 3—4%5 &
etz glem Aestx Wase Hp o CO & =
37§15t COs Frwdke] TFdch AF/7terst 374
do] A7 E $55E separater o4 Eejge] AEY
9] quench water & o] €= 3 t}(Fig. 13).
AAAH AEY AEL 200—-450°C FEL 1/2Mo-
steel, 100—200°C 3-E-2 stainless 347, A2HFES-
Tz gler] < z3¥r]|+ stainless
tube, separator = stainless clad o] AZItA S5F
9] pipe line ¥ pump & steel o] gl

o] AEe mE R4 pH4, C020.5%, H20.01%

wt o]l &Zo]

carbon steel S-o] 20}

71618 Zo]l= steel pipe &+ pump 7k

ERErES

Case 7

R Z7l2s pipe line 8] 252 steel pipe & &5T
9 34oz wd 3R4Agx Qe on £
ghd Al 2 Aok A SEY quench water pump ¥

lel cast iron impeller o] 91 pipe line & steel ol %
AL £AF olm] A HA HL

ol 3 20 /19 el 3= carpenter 20 stainless pump &}

o}, Pump &=

A= ik, Quench water pipe line & 21d o] stainless
sz mREeA HAEAE SASYE AT

2.0l stainless 316 quench water ring & 23 3o =%

T
= eh(Fig. 13,

ABrla 2E2540°C)9 B4 2 carbon steel 0. 063,
stainless 0. 000 IPY o]}
protection &&= 0.037 IPY

= d9A9e Bsst,

o carbon steel -2 sacrificial

Al ancde & cathodic

COZogel FRsE 429 ABAse 20%
Monoethanolamine(MEA) 483 H&xo] COy
Hos %9 acid gus 7} A A =le] overhead ol Ha sk
Halglcl o] E acid gas & A MEA & MEA—
carbonzts, —sulfide 2 =¢] 100—130°C < A A &ol
H astas COE fReE AAde AEE Wit
(Fig. 10).

MEA A 52 reboiler & A g < 237] 9} pipe line
2 carbon steel o]=) €&} tray & stainless 410 0.2 =
o] 1<k, Pump, pipe line & Gu#r]e] 2E LA

(43)
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NH, Carbamate £

Let-down Valve

Cooling Water

4 Cooling Tubc

EEEEESE R CEE IR

(3—b)
+ Welded Seam Off Gas to
] Recycle System
4
4 Corroded Portion
ca Melt to
- Sl R .
NH, Evaporation
Urca Reactor Decompeser

Fig. 2. Urea synthesis section

Fig. 3. Stainless cooling tube in urea reactor, showing
corosion caused by oxygen deficiency

(44)

galvanic

Fig. 1. Let-down valve
showing erosion-corrosion
after six to twelve months
operation.

J.KIChE, Vol. 4, No. 1, April, 1966



Fig. 4. Cross section of welded seam of reactor
cooling tube, showing cracking.

Fig. 5. Microphotograph of crack in fig. 4.

Fig. 6. Welded seam of reactor liner, showing
corrosion attack.

sstmer, H4H M 15, 1966 43
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(a)

()

{e)

Tig. 8 Suction valves of §
CO, compressor,
showing locaiized
corrosion caused

by wet CO..

(46D

J. KIChE, Vol. 4, Ixo. i1, aprii, 13966



B33 st,

Feed Solution

H4H 1%, 19664 48

w0 u R ERlel dolAlel Ba

Fig. 7. Inside of flange of evaporator, showlng cracks.

N
. v

Stainlcss steel tr-
aps, and support,
bolt in stripper,
showing severe
corresisn damages
after fiirst six mo-
nthes cneration



g

1 EFYe] el 34

Fig. 11. Stripper liner,
showing corrosion
attack and weld

repair

Fig. 12. Burner tip, inconel alloy, showing dry
corrosion attack caused by oxygen.

H, CO, Raw Gas
MEA Pump
- — -} Actifier
Absorber N
e s !
- MEA Cooler Shift Convertcr\ :
P 7T s
—_— — A
\L/ (_/
Rich MEA :;
Lean MEA Converted Gas‘,
- ‘ :rr
5 MEA Rebotler
N a
Fig. 13. MEA System ' 1
- A
Quench Water Pump I

g 77
(48) el 4@ ' IKICRE, Vol. 4, No. 1, April, 1966
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w2 2ol glolAs] 4

Fig. 15. Stainless tube
bundle of MEA
reboiler, show-
ing severe local
attack and scale.

Fig. 14. Ipellervof MEA recirculating pup, ig.

F
showing cavitation corrosion

by erosion

stz M43 M 13, 1966 4 (49)
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Fig. 17. Underground steel pines, showing dilute Fig. 18 Tube bundle of NH; com

acid solution from cation exchanger after
three years service (power plant)

pressor interc-

ooler, showing deposition of water scale
caused by cooling water contamination
with NH; (urea plant)

Tube sheet, sho-

wing &
cf scale

by NU,
water side

piraut)
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A BEale #@Aaglort 1364 % stainless reboiler 7} FRHBA 3} pitting W Fo] FHe] xhow(0.06--0.12

747 Ak Al el djabe] sl mgld(Fig. 14, 18). IPY) =i 37]9] tube & & 33tz AeH(Fig. 15).
Case § g BAREE 82 180°C e slart oo
Reboiler = AAHY £5 2 §x3 Lean MEA L9 Hywmoly ohE RE2 Ao HASHR &z 9l

(A €2 MEA )Y acid gas E stripping 3} 9% t}, Lean MEA $9] MEA-salt & A28 Fo4 Hr}
274 stainless 316 tube bundle o] WIF-E T2 LS tube ZHANA F2E CO7l&E ng =
[s]

BEALS AP A shell sided Lean ©2]1¥ Aol2R hot tube 7} S HA =}t =

%$mﬂm

110°C 2 FHA 3= acid gas(FFE COpE Eofl & 850 sludge & scale o] A &H3}o] F-3

o] tube = acid gas & FE A7 E MEA FAAE T4 A7 a9le] AL
N5l el e FAS] COp AEY A& A% Folak gAsa givh

AT 2L A AZA Y wlAG Aol Ho 9 MEA reboiler & #hal @ o 24 (1) tube 7}

= 45 E F2(2) rich MEA 9 acid gas loading &

COs &9 rich MEAC(acid gas bearing MEA 4 0.3 mol acid gas/mol MEA ol3tZ 5 & 72 (3)

)2} MEA A Agre] Lean MEA ¢ 2212 carbon Lean MEA o] tf8l4 & 0.1 mol acid gas/mol MEA
stecl 0.0002, stainless 0.0000 IPY ©]gl 21} reboiler o] 8t2 KR A (4) sludge, suspended matter 5 A
9 stainless tube(F7] 1/16")% 6—12718 kel A% AT A 55L& zdo] PAd =H3pa ek

Table 6. Chemical Compositions of Alloys

Gt 3 C Mn P S Si .
Stainless Steels(ASTMA-240) ’ max ‘ max ‘ max r max ‘ max | Cr ) Ni l Other
304 0.08 2.00 0.045 0.030 1. 00}18—20 812
316 L 0.03 2. 00 0.045  0.030 1.00/16—18 10—14; Mo 2—-3
317 0.08 2,00 0.045 0.030 1. 00{18—20 11—-15 Mo 3—4
319 L) 0. 025 1.72| 0.014] 0.010 0. 831721 13.04 | Mo 2.50, Cu 0.08
321 0.08 2.00 0.045( 0.030 1.00/117—19 9-12| Ti 5xC min. (.70 max
347 0.08 2.00f 0.045 0.030 1.00i117—19 9~13] Cb+Ta 10xC min,
1. 10 max.
410 . 0.15 1.00| 0.040] 0.030, 1. 00/11.50—13. 50! 0.75
Carpenter 20 Cb (2) ¢ 0.07 2. 00! 1. OO 19-21 30.36 | Mo 2—-3, Cu 3—4,
| Cb+Ta 8xC min,
! 1 1.00 max.
Urea Reactor Tube (3) 0.02 1.44 0.028 0.011 0. 42‘ 18.1—18.2 12.1 Mo 2.26—2.46 Ti 0.02
—0.03 | —1.77 —0. 030} ~0.014 —0.44 ~12.4  Cu 0.02—0.03, Cb trace

Nickel Alloys (from Japanese Corrosion Hand Book)

| N Ca * Fe | Cr | Mo s | Ml oc Dos Other
Monel | 67 b 0 | 14 o.1] 1 0.15  0.01|
Incone! | 76 0.2 i 7.5 155 ‘ 0.0 0.8 o osl 0.007
Hastelloy B l 60 l i 3 I3 o1 1 !
Hastelloy C | 51 | R S U A Lot o ' | W s
Hastelloy F ’ 44— 47! 0. )[ Bal 21—23’ 5.5~7. 5£ 1 i 1.2 1 0. 08{ 0.03 \ gg f 35_“2 é Ta 0.5
i i § | )

Copper Alloys (From Japanese Corrosion FLB.)
Admiralty Brass Cu 70, Sn 1, Zn 29.
Remarks; (1) A typical analysis by maker, Phoenix steel corp.
(2) A typical analysis by maker, The Carpenter Steel Co.
(3) Analysis by City Testing & Reserarch Lab, Inc.
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boﬂer 44 1,300 MT/D Solth, d8gE ¥ 500
MT/D(EE 25%, S 0.3%) F% 20 MT/D(S 3.5%)

& s 3,

F7AA 2 HRAALAA B 2 542 7y
=R %9kes] steam turbine, boiler tube(Fig. 16) ash
disposal line, stack gas I.D. fan 59 erosion-& At
elA o] 2} A2kl 2 gl o v air preheater 8] acid attack,
oil burning boiler tube & fuel oil ash corrosion Z-of
4% A= g

Boiler 4% %o]2 =z 37| (H cycle)ol 4] o33t
o] deaeration, NapSOz 3 7}&4 Op & A A 3}3. NaOH
—vphosphate 22|24 pHE =43}z gt} Boiler 4~
g 24 *3—9- =ZA ¢t omn 140—145°C of| A carbon steel
& F42 0.0008 IPY o] ¢l ¢},

27 9 $55d % FHL obY FAHA s
2 2 24 g9k
Utility #- 814 & 84458 45 Al(SOps,

NeHPO, §99] 34, bl e mBA9 el 3
Y (Fig. 17 ol Aot 4% FAAD e Pzro]
A% W37 Aot

W72 (pH 7—8, A= 100 ppm,
micro ohm-!, emDE ¢ 809 FZ47d Tz
AEd E24719 tube & A9 AR} admiralty brass

o]= Yr]A] & stainless 3= carbon steel o] o},

Carbon steel tube 9] %= W F-of rust tubercle o}
A4 AAo] Aekd Fol A B34t 29
o] Ca—scale & 4 &3}z plugging ¥l o},

Stainless tube ol 4] & o} & Alx= ¢19] on admiralty
tube ol QloJ A& tube AA &= WA A o)} tube sheet
9] crevice corrosion = F-of 9o A9} 2o AHE
o,

Wztare] FA2 carbon steel o] oAl 20—30°C
(cooling water inlet)e]] 4] 0.005IPY 25—35°C(cooling
water return)e] 4 0. 008 IPY o] <F3=9] dissolved O,
£ UEE AYE B9 2 1/20 2¥PE
3o ok,

conductivity 150

lyphosphate, ch-

AN A G

siEt3El, M4 H 13, 19661 49

Case 9

NHj; ¢F<7] intercooler(original design -& carbon
stee] tube side of] lig. NHa, shell side o] W zZ-4)7}
23 5ol FAEo] YA edsle] Ca—scale 9]
shell side o] 4 25 21t} Tube bundle & inhitized acid
cleaning 332 8 5te] AF Agsgoedt =roj:
carbon steel tube & admiralty—carbon steel duplex
tube(o] F#) S A3tz YFE tube sideo] X3}
=& A4 E oo (Fig. 18).

Case 10

MEAY 7171 9] tube = admiralty-—carbon steel duplex
ole W4 admiralty(tube side) W32 E=p3id)
) MEA Z-u)gko] 1 ol oL zAE A
7 A] 100 micro ohm~! cm~! o] W24=2] conductivity
4,000 7tA] st s st WuvE AR
3+ Y tube sheet 2] crevice corrosion wlo] MEA
b Aupzres tube W Boll&= Ca—scale & 2 51¢] Cu
comp’d 7} A &=o] 9ot} o]7-& tube 7} FojA A
o] ehiglrl WEe] tube & plugdted® & EE 4
ek ol H 2L HA-E NHj condenser o % 7
st leb(Fig. 19),

WA E Hel 245 B
g Ego] W
A A 8ed aeration cell &
A oA obd 2 Fale] fele]
= Sgtov YA Eo] recirculating system o] €l
FAE QA G2 i S FEFHS EES A
A AU, F57] Sl Hodt Alzae s
Iron bacteria o] ¥hA 5 z gl oh(Tig. 20).

ol e APeldont old T/ FA2 A
YEE7F mejz Kgholvt A2 oo
ol Au ¢ & Ak A9 Bk 29 <2
S BYL A 2] vk A8 LA
EAFHAE BE o]}, Stress corrosion crucking,
5 44 AR e god FAHE Ao T
dugE & Ang e TR FH A =
Abet 2 djgk o] AR BUR
ok Aol yl vt

ol
—_

solid, sludge,

e}

Fo

(1) “Corrosion-A Short Course”, NACE, Feb. 19352
(2) Corrosion, Vol. 15, No. 11, p 91(1959)

(3) Materials Protection, Vol. 3, No. 5, p4l1 (1¢54)
(4> A, A, Eremin, et al, Chemical Abstract, Vol. 54,
11053-a A.T. Krasil’shchikov, C.A. Vol. 23, %li-
(5) =z A(34]) E.R. Johuson(Allied Chem. CO.) U.S.
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