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Sinze the =id sevanties, some thirteepn modera larze scal2 scrmonia plants
hava be2n buil: and come indo operation successively in Zhins, Generally
speaking, Rost of th2se plants ran smoottly during the initisl oparatica
and *he d2sign daily =apaci:ty has baen m2t, 3But during “he last three jyears,
shutlov2s du2 %0 aquicment and piping corrosion did also occur. Tce mos:
typical ones are: primary sieem ~2forming furnace tuba Zailure; 202 rezova’
reboiler corresicn;: corrosion in water coolers e=nc circulatior pumgs. AS 0D
the catzrory of corrosion, there are pitiing, SIZ, cormsion fatigue, <8-
vitation corrosion, crosion corrosion, 2revic2 corrosicn (sediment devosit
and alectrockemicel =nd biological corrosion 2ue %o ®at control of water
treaiza2ns,

For lacking sxperieace, at the very btegianing, on2 o %he reboilers
cerrodad and .enetratad afier 6€ days' operation. Ir snother plant, prazjturs
failure cf %th2 reformer tubes occurrad due to frejuent 2mergaeacy stuticans.
However, most of the problems have be2n solvci at presant after ts«ing ~eszsurcs
for pravention of corrnsion, Aov let us presen. the cas2 alcries 1o follows,

1. TYFICAL CASZ HISTCR

[=H

R. Primary Reformcr Tube Failnte

(1) Since zoderr reformeara ar: designad #ith 3 tuka 1ifa of 73‘ heours,
G0 noticeadle tube zorrosion oas oc-urred in our nev plants yet with az
excoption of one rient in vhich yrezsture {illurs: oczurr2d tuo yaars afltarz
cotumissioning. #cst of tae cmcks locatad at the vicinity of th2 amsitin-
line o7 the w2ld s2908 Zetwean diffarent Sute 32atarisle. TFollowing k2
results of chemicsl, mecellogravnic axazination and 20é2rn electroaic prte
analysis, «e find <he aain cause ~f fracture ‘s corrosion fatigua., And the
rsasor. of fatigue (s fraquen’ smervesncy snuiZcva. Tha crscund portion of
trle tubes is ground snd tLe rewelded tubas are utilisad «ithout replacement,

(2) 3y ‘he way, w2 woulid lik9 %o presen! ke history of a 30C TfD aarcnia

plant, This is an 2.l clant operaticg since April 1964, The refurmer voried
. 2 .

under 20 5./cz grescture «ivh paturei gis as fa:dstock. 5D o cune 1573,

22715 tns of 3ammcnia has bean procuced and 185 pleces cf tudes were redlaced,

l.e. 1.725 vlec2 n rof3:mer tube 18 consumed Ler ten o

cf euamcsita., The 1nt:



Date Yo. of tutes ro:laced

1871 Zeb. 3T
1977  Gune

1977 Seypt. 34
1672 Jan. s
1972 March 4
1973 ‘arch g
1574  July 2c”
1975 Kug. 11
197 larch 2
1977 aApril : 3
1677 lov. 2
1978 Feb, 1

Total 163

Remarx® 12 L:bes werz reglasc2d for vretirs without failure.

155 02 tha atsve zanticnad 165 tubes ars a certsia zmazuf-2turer’s orcducs,
<heir werxing life is a3 follows,

Yorkiag tours so. o tibe
61460 1
ng2ce 1
£T744¢0 i
522c0 22
43820 1
4140C 8
Té4c0 3
34466 1
31300 18
20420 8
ézice 3C
2hS40 i
263C0 16
24500 30
2016¢C !
9360 1
685G 6
432¢ 1
336C 1
Total 15
Bezidas, & merr tuhes ape *sill urndilr gperaiicn wiss 4 Weriine Lis: 4T
STC4T nrs. Ainlg.ontl, Lhé aver g il -l tng Lgresg i 13200 nrg,




¢f anctrer asaulzciurer's tubes have 3is)y Y230 used with

s
an svaraze 1ife cf S0GCCO hrs.

AS can be sean Troma the above situacion, during the first onme or *wc rears
many reforzer Sult2s failed bacause of frequent shutdowns of the plan: Zue o
uns¥illfulnass, 3Jut {4 zust ba pcinted cut that this clent ves dullt -arny
years 1go and the refaorzer tubes are designed vitk a ruvture time of S5CITC hrs,
That is w.» the tube 1if> 1s shorter.

B. coz remsovsl system retoilsr cormasaion

Plant £ used 3enfieid solutiom in the c32 removal system and coznissioped
on Xay . Up to Aug. 14, 1977 the two rebsjlers corrméad snd leaved S :iices,
and the piant was shut down for 79Z hrs. lotally.

The stell of the above meztioned reboilers 1is =mmde of 304 %rpe stzinlass
steel and tkhe tubD:s are zade Cf 3C4L st2-l, Cn Dec. 24. 1573, 7 contis after
commis~ion, the t:abe btundle l3gxked the firs? tine, We priuged the corroded
tutes sad worked cnce agsirc. 3ut during the foslowirng 150 cays, Shavrz eccurrad
‘hre2 sore times of lesxage. Cn May S5, 1977 the tundie <33 tag2n ou* for itsnec-
tion end carrosion wes fouzd in mary places on the tuadia, 3asad oa 712 dayvs
opsraticn, trha maxirmum z2orrosion rate was Zound %o b C.T4 am/;r, aiccnrdiing
to tke inspection. impingemsnt thinning off gnd citting vas notizeaci:z 5n
the corrdad spols. o C1° sccumulation ani inte “granujar corrmsisn aad
crevice corrosion is found after examination by electronic microscnuic =uergy
aispersive ana’ysis,

Th2 operation condition of plent B ({3 similer o olant A, bdut the zonstruc-
tioa design of the ~sboller is better. Tma Cci., 27, 177 {-~omriasica) 5o Au-.®,
1678, the plant ran 1145C hcurs, Durina inie cariod, .2-kage occurred only
tvo tiaes on April 3, 1673 and July 11,167R, 75 tubas {1 R.27 of %522 zo:el
retoiler tubes) ware oluged. Sirc? Aug. ! of%2r Sre =3int2nsnc2, no urobtisa

hes been forid. This zmeans tuat the {nstection and mainiz2nance (8 susces=rul,

During the inagpa2etion w2 found ~h2 gro*=ctive 7il= ‘n the .amci.a -3 -"iviss
area %o Y2 Jaulitless, 3But {n tr2 2orrnded gzreq 52 *the tundle, the tube gurfaca
1s sc-uwhat rough 3nd longitudin)l whiile £:l11:8 oxist, :che pracestive _flu
lost, MetallozZraphiz siructure 13 dua.-1rvctal a

c

steni{tlec, &rain size 1.3
&Tade, withou: \iptargranular corroslon, ~he chexical analvsis ratches the
Sonpositlon 3L 34-245 and T 3C4L st

In plant C, GV sclution is usad {2 tha C02 raoval systea, The plant texarn
to ov2rale 2m « 2, 2C, 1%7E and cormsioa .eaxads sa2urr:d su .an. a, 172,

Af%ar seading, the rebsiier «83 pubv to wore on 4an. 12 ira gage 7*ar. Ca 40,3
lesax <83 de:iacted again and :na

. 23 3f%r raeniring



[A]

in ih2 retoilar l2aked, After theti, the aquiprent woraed

On Har, < czer 2

&

an%il now withou?t l-akage, Throush macrossorpic axszinzation noticeabliz ininnicg
of tube wall cap be datected at the corrodéd portion. There are aisc de=:
velleys, pi<ting, snd i=zpicgament peneiration. Sicce tne construction cesigr
of the reboiler i{s incorrect, local ges veloci®y is tco nigh.

Hence, incorrect design msy increase the corrosioa rate of an equiccant
83 shown, After ccdification of the construction, corrosion is =acmllad,

C. Corrosion in wvater coolers

The qualily of the cocliigZ water differs {rom each other in ihe amroniz
placts ard ‘he factors iniucing corrosion zr2 differeat also. 2ut waser
cooler corrcsion is very vzonlar, Tasge. clant & as an 2xanvle, cez2iing, fouling,
biological and other types of corrosicec ocsurred decause of unstabili.y of

wvater quzslitr., Ir this piant biological corrcsisa is quit2 serious, ra2

1977, axveriznce in controiling of the cooling water .usiity was lacexing zand
-t . =~ ~ L X oted

Fe content in the gcale Jas 23 high ac 5C-£C%, 3ince 1678 acnagement has

-

tesn iaproved and tce 2e"" ccntent was lowered te 203 witn heat Sransf:r

coefficient X-val-e incraased evidently.

The circuling Jater in %thig plant ccntaincd not ornly anlghate reducing
tactrria, sulphur Dactaria “ut also pnitrite, nmitride arni de-ditride bsc:a=ia.

Condition of Bacteris FOZ' §E3 No., Turtidity st Recidue ol
vater quality uci®s 4 ~a

prm. prm. Dga. Ppa. com, v+2
M1 ppm,
RCRMAL 270 C.452 137.,5 14,2 11 65.5 0.27 3.t
deterio- - - ,
rating 24C0 23.2 . 4.7 se .23 13,44
detaric-~ . K3 - -
rated 44210 138 147 T4 50,3 ¢ 22,72

As shown i{n the tavple, Zeterioration f the vater .s c¢cresracterizasi ov
rapid increas=c of 502' contant,

Ona year after ccamiasion, *he lubrizeat cooler of the 3T¥ puap ol this
plan® was corrcded sci venetrated, iilne coslerz were recaired or revisnad
during :he maintenance alter 2 vears’aperation. 7The n*h=r cooi2rs, theugh
ncv repaired, vers scale-corroded %o d'farent axte:rt.

Cooliers r2oeirad or repisced during 07" are as ’sllowe.




Item pes. of tubes corcoded
(1) Maithanation cooler 3
(2) Peed gns comvresaor 1
ist. cylinder cooler
(3) Azzoola condenser 1
{(4) BFd puzp lubrican* coolsr A 16-35
(5) dicto 3 8

(6) iy cocienser

(7) Crank cass lubricunt ecdoler &
8) ditto B
{9) Reducer lubricant ccoler

- - N

9 nore coolers were reosired or rmpisced Juring the aaintanance 1in
Aug. 1678, they ure :

(1) Air compr. 1 st. cyi. intercooler.

(2) Peed gas c-opr. oypess wvater cooler

'3} Air compr. ! st. cyl. water ccoler. (74 tub2s leax)

(4) Air compr. 2 md. cyl. water cocler, (0 tuhas lcak]

(S) Feei gas compr. 1 st, cyl.sfter zooler.

(6) Ditto 2 nd, cyl.afler coolar,

(7) 170-2 cooier {Btutes la2ak).

(8) BF4 puzp A cooler (5 tubes leak}.

(9) Cres plaut cooling water pwmp turbine iudb, wator cooler. (<3 tubes loax)

Kccording to the inspsction, most of the corrvsion is uitiing with a
depth of 0,2-0.3 =m, individual pitiing is a3 deep 23 1.0 2m acd per2irales
at last. The zaxizum pi%iing irea on tha iish heads 3 4-10 cm® w1 2
depth of 6-E€ am. Fouiing Is guite serious,

Aftervards, tatiar chlorination sni bilocide cont:rcli %tog2:tha2r with. cther
asasures tsken improved tha weter qusliity offectively,

The turbidity of “he {resh vatar is extremely high during the flooding
sesson in one of the wlspts and alkiaity ‘s too high in ascther tlras., The
type of corrosion and pruventive zeasure {- of course different,

[+]
D. Frosion corggion of circulating «ster jumps

The ‘mtaller o7 the cirsulating wat:r puzs in plant 7 wa3 sorroded arnd
penetrmted at che ‘niaet after 7425 acurs ~peration. Mayne tais is due o
the i(mprcper selectica of material,

Thesc ara2 caly zome tyvical examples irn aspacis of lavoriance.




Syt Mr A momFas matweT
2. ANALYISIS 7C CoR=3ICK C&

A. feforwer tules
(1) Cre-pirg

Most reformer tube failures ar2 caused oy creeping. And creepiag is in
turn {nduced by local nr abrupt overuesting. Tre melallographic siruc-ure of
s new 25 Cr-20 hi tube is supe:isgtursted austenitic with Cr.,L‘.‘3 2ranedicri
carbides disiributed oan tha bazic mmtai. Afiar lorg t2rm high temvarmture
aoperation, Cr23C6 »nil phase will precivitate out., Tha Cr23C6 crystal ersics
gros coarse, Thc strength of such sustenitic basic oe%al with carion depletion
lowers ard the retomr""tuhe 4111l ereep under inner precsure, Generally, %the
tubs diapeter anlarges locally, vith strength of mmterial deereasing ceniinugusly
and the tuba Zails gt last, A lot of crzevicy failure is originated rom
process facsors, such as carbon or ssll decosit oa cataiyst «i*h a rasult
of ovarheeting; heaticg ap tco quickly dusing start-ur, low s3tzam rate
could aiso csuse overh2ating: imoroper 2me.,gency shuidcans 3czetimes ssusas
overheating.

(2) Trhermofatigua

This i3 caused dv zon-uaiform ex;aniioz and 2enirsction du2 o tav-2rgia-e
gradieal among 4:iffersul peris of k2 raforzar Sukb:, e low t2miarstuir: par:
of the tub> rasireins the high temperatur: expeasion ani tharzo-str2s3 arises.
After oparation undar high teaperatur?, carbidz or € .£-e3 wouid precipitate
in the tasic metal of the raiormer tub2, The strepg:tn ¢ocraasis aad the
matorial {s 2mbritted. OUnder repesi«d cyslis thzrmouatr2ssing fatigue w111
occur 01 eracks 4111 cronsgaia until laasking.

(3) Eigh temperaturz corrosion,
(2) Str.ss cormeion

Therefore, o pravant ;remactur2 failuve o2 the

v
"~
i
3 ]
£,
3
i
o
T
[
&
e
(Y4

r
should be nperai:d in strict sccoriance «4ith the opersiing menual,

B. Rebciler

Solutinn boiling is a very co~vlicatad vrearcm2non, *he heat tren3far proanss
13 eiso jul%e zcnolicated, 7epor thase 3ad bdudbblas urm formed {n She 3o0luticn
83 hegt I3 belag tream.sr24 to the I1lauidi Shrough thz %.te well, Zx:ari-en<t-
show tks® bubbla:s <ill fncraase violentliy a3 tha ten.2.3%u=2 diffa~pza AT
i3 lincraesec to 3 certain axtant,

3ince the tempariturs Zdf{farance bstumar <he gas and 1iquid phuse (n s>
rehoiler 13 53 high 13 35°C aad the masiaun t2zparasur? 2xise%s at ke {-la%
acar tka %cp of ‘he buzndlz, $0 “ne Lrsc233 30l.ticd «ill boill viol-n%ly nes-
the uniew Luba shant,  Varadium 1ila ls ngrd o farn a1t Sris armg urias egan

condisiza. In JAise . fl s T . .- .
1} L 3uiitinn, a8 firgt snlictrp 3uti2% rozn: o ig arar:s froa no



o

tube shac:, 30 tce gas and solution flcw with a velceci®y as high as 7C se/snz,
this increases :atsl corrosion. Foreover, the construction dusign {2 in-
correct, the volum2 sver k2 Solling surface is %00 3m3ll and the crus~-
sectisnal ares Zor the vapor fliov is not iarge anough, sthis t=ads <o
scce:arata the corrosion rata,

sfter modification of the reboiler contru:tiom, i% has been woraing over
7676 hours and no leakmg2 has occurred,

C. sater cocler

The ré%on of fas: propazation of bac®eria in tbe cculing water is:

(1) The position of the chloricatizn dine outie* i3 %oo high, tha shicrize
evaporises s=d zhe concentrition is lowerzd.

(2% The biowdcwn outle: is locatad near ihs cirmulsiing vetlz:r r-tvm
piping, part of ths inhibilor is blown off tnrsuzn this pipe lowerizg e
affeztive concertraiicn.

(3) The ¢ olinz pend i3 quita large in ar2a, sins? Snare Is co z:nvars,
the sun ignt helps the bazta2ris tc prooazat2 3nd curizg aight tizz 2 Lo
of insests fall in the wscar, incrzasiag 2juipa=at Jouuiing.

Afer “aking measure o solve tze abcve problams, tha wetar quallss ie
isproved snd corrosion decreases eviiontiy.

D, Circulating wat2r pump

*he reson of erosion is iue %) low Av HPSH and :2933ing has 20 277:xc%,
so ve think it ‘s btater %o =hoose 2rosfon r2sisianc 323l suci 93 olrt3 ate.

to fabricate the impeilar,

3. SUMAARY

70 prevent or inhibit 2quipment and oiuing corrrsisn !n amronls plant,
Jse think the follcwing is ‘zportant.

(1) Corrac% corrosion resistsn® metarlal siould be 3pacifiad durinz
*he anginearing chase. Since shutiowr 37 s 1a-g? scal: aaionies ovlan® costs
a lo%, utilizing enrrosion inhibissr aad czo2ting to save expensive alicy
st2:1 aust be 2vaivatad with the service lile of tha 22:ipaent and shutdoun
costs.

/2) The conatruction Jdesign of the srocess 2quipsezc snculid de zorract <2
to rrduce corrosicrt problzos,




(5) Strizt irpucticn 2nd tast cust te anaductes during the Zabrizatiza,

welding aod 2rectioss proc=s3. 3e sareful no*t %o injur2z the eguloment our

irdue2 inner stress.

{(4) Przvent 2%mospneric corrcsicm Juring transportation and.storaga2 of
the "uuipcent,

(5) The oparation shculi ba statls and the plant siould b2 nanax2d
scientifically in accorderce with the operating zanual,

{6} The designer, fabricator, operator, zaintisnace rorsonnel sheulil
iasrn %o raise their lavel tc combate corrosion.
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