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Jacket Corrosion and Its Protection (Part 2)
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Previous paper introduced some of our recent experiences with corrosion accidents in jacket
caused by cooling water, describing how corrosion takes place and how such corrosion can
be prevented. In this paper, electroless Ni plating is introduced as a protection against jacket
corrosion and also methods of treating liquid for 1nh1b1t1ng corrosion and scale build up on

Ni plated surface.
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Fig. 1 Experimental apparatus for electroless Ni-plating
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Fig. 2 Sectional view of mock up

#2 K SuwARUTHETFE

Table 2 Process and work procedures

Process

Work procedures and remarks

Surface preparation
(Polymerizing vessel)

Apply shot blast equivalent to SPC 5
SSPC Standard.
Afterward, grind nozzle welds for finish

Preparation for plating

Install operation pedestal, pumps and tanks
Perform piping, insulating, electric anc
scaffolding work.

Perform leak test by test run with wate:
followed by additional tightening, i
necessary.

Suspension of plating liquid and adjust
ment of acid liquid.

Operation and heating
of boiler

Heat polymerizes vessel and plating basi
up to 80~90°C.

Washing with water

Carefully wash portions to be plate
with water.

If grease is found during washing
operation; add deoiling process to remow
grease. .

Acid treattment

Perform acid treatment at temperature:
a below 50°C at lower concentrations i
a short time.

Washing with water

Continue washing with water until acic
is completely removed, confirming witl
PH test paper that acid is not present

Plating

Perform plating for 2~3 hours per batct
by controlling temperatures at 80~95°C
PH at 4.5~4.8 and Ni concentration a
4.5~4.8g/8.

Washing

Continue washing wath water unti
plating liquid is completely removed
confirming with color that liquid is no
present.

Alkali treatment

Perform washing with low-concentratior
alkali.

‘Washing with water

Drying

Dry with air (7 K air)

Inspection

Visually inspect internal surface througl
nozzle.

Washing with water
of attached apparatuses
after diassembly

Wash plating apparatuses with nitri
acid.
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Plating
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Photo. 1 Status of electroless Ni plating =3 SRR Ni - SERTHN

process

Fig. 3 Piping diagram of electroless Ni-plating
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ble 3 Procedure for one batch

r Temperature : RT~50 °C
sid treatment ) Concentration : HCl 5 %
Temperature : 70~90 °C
ating pH 1 4.56~8.4
Ni concentration : 4.5~4.8g/¢

. Temperature : RT~50°C
'kaline treatment ’ NaOH concentration ; 2~3 %

» Temperature : RT
‘ying l Air pressure : 3~5kg/cm?

Joiler heat up: within 2 hrs
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EFTRLTEL,

4 |ER NI p->EEAE
ROEE*HAEREL L, BREHET S,

P TR~ REBE
BREHOND DX 2y 7 NRB XY Z7HEHRIC 7 X b
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Photo. 2 Microstructure of secticns
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2. 1. 3 EBEEEHR
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2. 1. 5 SHEdssslsE
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HERE L7,
2. 2 EBERRUER
2. 2.1 RES ve Ni o xFEOEAST

1) BEEARR

BE I CEABEEHEEORRIET 60 °C T30 H HEERR
BO Y&~ VI EERR AR T ¥y &~V RIER
DORIEBA R A A+ v 5k v < (1.44x1078S/cm)
T 01 mm DREEEINEFDBNBH, TEHAKL AR
v (L57x1074S/m) EUEkv v (4.53x10-25/cm)
Tik 30 ARBC WL MEAE (04mm) »EE
LTHD Ni o & RELYEL CRBIMROBERVETL
TWBZ R0 D, bbb, RBREOEEENKEL
122 NI - 2 RBEHWOBEDE LT L BRI N,
e Ni o ZFBEOE TOEAENEL NI & RERET,
TN RESEENEE (BRA) tibsbol®
zZhnsn,

2) BAEHG (1)
AEEHEORBW A AV TREFE N - 2
L 2BEABERO JEERL > REMOES (Fe—Fe2t+
2e7) OEAREYHEEL, FO#ELY FE4, SRR
To BARL D KBROBEENKREWE EREMOBES
HEERENT AEENERETH D, FESEL ) REM
/Ni 3 > & DEREEIV/NE WG ERBMOBAREILEL
{EERT D, REF/NI - & OEBELRORERHOEE
HEAYRCHBEBETCERT S &, AHXITITEBHCE
b 52 Lhimb,
RERBMBEEOBEMEIZHN 0.3mm/y Tk ) RERE
DEBEDOFTE AR TR\, REM/NL Do 2 DF
A1 1/9 000 DB4, #Ekv v (483%x107-25/cm) o
BRI TR0 1400 mm/y Th B, FioLFTEDOHHIK
ELTHRS I FERINDTERAAY v (157x10745/
cm) RWTHH 800 mm/y & IEFICK & i ARE S
R ERD otz Nl o & FEIC vk —VE DR
FRE AL Lo e, REMBHFOEREL Ni -
ERBOERBC LN TEM I TH S LELLNDDTRE
MBI OBAIT REMEM DB ST ERTEL EEX
N5,
2. 2. 2 BEAEBIEFHEOBKRE

BIZIE, Y+ o rONECEER Ni - x4BHT
DEBTRC Y d - VEBRBCT 5 Z LIXIEECHHE T
Do TODWMOREICEBE LB LEEATER LACES
T AHRBEEINT W SBA v v ¥ &~ DRI L
LEEBRFIR A WMET Lo

1.44 X 107 S/em ,

Ton exchanged
water

1.57 %10 S/cn | |

Industrial)
water

4,53 X 1072 S/em

(Sea water)
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- (B#60°C 300D
Photo. 3 Corrosion ocurred at pinhcle portion of Ni. plating
(Dipped in 60 °C liquid for 30 days)
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Fig. 4 Influence of liquid conductivity on galvanic corrosion of
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AT =R, KFROBBENEBEY L L&, 20K
FEDRERIELcb DR, KPFOBREWE (S S4) Mgk,
BEL, BENGEWELRDLDTH B, BEKRTIE, =
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B,

F Y7 ) 7IRENIEDCHE THIUL R 7 — /VFEEMER, %
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BEENSBI bRV E WS BER TR AW TEESN
HThb, Ty 7V 7HERLI X - X 5ER
i, »2KR, KECRTIHIEEOLERLEZLDTHS
7o DARBAESE T ORI 7 KIR O _EF-PE A D FEMIC
Z% pH 0 LASORERC L5 2 DEBEER L7 ~
VORETTFRTE RN,

3. 2 RIU—IORLEEE

K CEER DB S NRBEEL TS 5 & &, FRbi
AAYELVTHEET D, Lh LBRBELYBL-E %, BT
BB L L CHEELZRD D, CNBEROB LD, &
B BB RERE L R EEBRD B, (B10R)
T ORT, TEFRRRTH B7KIL, BREOERI B S
RN DRERDITHIE R\ L LD, BATHE %75
T 2R CIEEE CRET BERENTOEED LHE RO
e, BERIEERMHTOTNVIY ED AL, BB
DET LY, ZOFL CERETMRENFEET D, K
FETHRTIR, ZOBESHREENRE WD, BEWCE
BLEIHMEEL->TEY, ThRRy —MTinb,
3. 3 SIERHHRR

BNHO_EEAREE Y AVTERER (Yvr v )
ETEDLRETELCRBTERE LT, Bk (BBREDOBH
KEBK) #—2HMERL, X7 —VAEBIERUEE
BEI-DYERER T %, ThbbENED & 5 Kilmeh
CEMT = — 7 BALTCELSH/ED, E8RF 2 — 7
CIMBHEABL, Z0OF 2~ 7 L ABORCEEKEEL

PAlk + PCa scale

L]
5 10 2030 50 100 200300 500 1000

[ppm]

Example of calculation -

C scale

4. Judgement

1. Condition 2 glfc#ggéga%% 3. Calculation
Water temp. | Ca hardness pHs=PCa+PAlk+C
=50C PCa line =730
pH=80 —PCa=2.92 |ls=pH-pHS
Ca hardness | M- alkalinity =80-7.30
=120ppm |PAIk line =0.70
M —alkaninity —PAlk=2.70
=100ppm | Total solids ]
Total solid Temperature line
=210 ppm —-C=1.68

A tendency to
form the scale
in water

WOE HEHNY Y L RHEKEIE

Fig. 9 Saturation index (Langerier) nomograph
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FI0H BROBEE
Fig. 10 Growth of crystals

Make up water
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Fig. 11 Dual tube testing device

Dual test tube
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Photo. 4 Dual tube testing device

THHKAGREORE, A7~ vEFET 55K T, i
P CER G2 EZTCRELUCERT S, MEMO7F X T+
2~ 7 1 RSl o 3AME LELROEEY Rz
TO2EYEEXEBO I RTHMETI) L O Lo BE
4 CHESRBEBEONEEL RT. EBREEROKE
HEARCR T, A MF 2~ 7 COMABEROEERZEL
ROBYH TH B,

Gl
SR GBI E R
YA ER
WA
HENE

RREE

A (mg)
B (mg)
C (mg)
D=A-C (mg)
E=B-C (mg)

%

Fe D(mg) x 100
7R P Fa — 7RERCM?) X 2Bk H H(day)

G E(mg) x 30
7R M o — 7EAEE(cm?2) x #5k B #(day)

3. 4 EBBERRUVEER
BOSRROE12~15 BeRFBRERE LD TRT.

Tibb,

1) EEIBIRMDO NI Do XF 0 — 7O Ry — VRIERE
R 35T Llmem, BHEE S £ 1.3mem, B
BE8f%T lmem &EMEECHALTRELS KT
DM, BEMCIRIERC/NE W R A7 — M EEE
2 l6mem & UnBangKAr ~vELEHET S
ERDATRDBND,
<EHE> R oM REEA MY v n (LE2. 83,
&K 1 60%)

8 4 R BBREHEROKE

Table 4 Test condition and water quality

Test condition

Cooling water (°C) 40

Hot water (°C) 77
_Feed velocity (m/sec) 0.5

Heat transfer (kcal/m2<hr) 50 000

Water capacity (£) 10

Test tube STB (Ni-plated)

Quality of cooling water

Concentration 3 5 8
pH 7.8 8.6 8.6
Electro conductivity (#S/cm) 540 700 1 440
Me-alkalinity (mgCaCO3/8) 90 150 + 240
Total hardness (mgCaCQ3/8) 120 150 320
Ca hardness (mgCaCO3/8) 90 120 240

_ Chroride ion (Cl=/£) 63 86 168
Sulfate jon (mgS042-/¢) 60 67 160
Tonized silica (mgSi0,/8) 24 70 64

¥ 5 & HERO—H

Table 5 Example of test result

» Concentration factor: 5

* Detention time: 120 hr
 Test period: 5 days
Addition

. Corrosion rate | Adhesion rate
No. Inhibitor (mg/0)- MDD C
[©) Blank | — | 2.4 | 1.3
®_ 80 0.6 0.1
~® | Inhibitor (A) 100 0.2 0.1
® 120 0 0.1
®_ 60 0.6 0.1
_®_| Inhibitor (B) 80 0.5 0.1
@ 100 0.5 0.1

MDD : mm/dm2-day
MCM : mg/cm2-month

(1) GKA7 ~VOERBIKOWEL 1 ET5E
2.83%0.4+1.0x0.6=1.73 &7 5,
Q) EBKR7r —NO1EREONERELL 7 AONEED
IF/RLEBRONERL D 01H
1.6memx 3+04=12mg/cm2 » 7 %,
@) £oT, 1EBOEKRr —VELIX

12mg/cm?2 _
1.73g/cm3 x 108 10=007

kT, ~RICETHIED B RBOFAEY 0.001
m2.hr.°C/kcal & U754, CaCO3 X7 — v TCil,
FORELMH 05 mm THEINDZ LM, A7 —
MFEEE 1L.6mem DIFE DEIK Ry —vER 0.07
mm (X A7 —VEE LB WEETH B,
2) HEER O F CRERANIBBEEC L VE L DMNEN
»5o
3) WHRMD 2 —ATEEEE W, B 3, 3RA
100 mg/¢ ¥inc 0.4 mem, HEE 8 f2, &I 100mg/g
T 0mem & SR EEAIERIC RIFTh 5o
4) FRFRNEEHRIO Ni Do &F o — 7OREHEE L, BB
[E34E, 54 Szt 24mmd :RRAkELloT
Wbho
5) EAGRMOBAREE L, A 80mg/¢ ¢ 0.5mdd, ¥
WEE 8 f5, #A1100mg/¢ ¢ 0.4 mdd & BT LB
HThb,

22 Ry 7Y 2B
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Fig. 12 Relation of scale build up rate and concentration
factor with no inhibitor
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Fig. 13 Relation of corrosion rate and concentration
factor with no inhibitor

6) FABRMOGKOMILOBHCIL, BIHEEDL S, 815
ELREBAINY T LR~ VORNBERLERON, &
DEABETH Y ~ FE (1/202+Hp0+2e"—20H™) 28
TNBYVRIEBIeD Ry — VRTH LW & 2 RER
ENTz, Ry — NMAEREILBREE S £ 74 80 mem,
BHEE ST 160mem & IERICAE <, BEBmELCK
BILTREL B,

7) BAEGIMO R -V ATERE X EREEE 5 45, $A1100
mmg/¢ RT3 mem & E@HRIMCENTIERC BT C
»HBo

3.5 &
smEER MO STB-35(4), AF YV RAF 2 — 7R

T BB LRTW, Nl &F o ~7IRIXIGEEA

ER7 —IRARE LS ENFER I N, ¥ NI Do

X F 2 — T OEABRMOBAI DWW TiH24 mdd &R

KEWSDD, FERMOBABEENTNTURILE-T

W5hHEZ AN, BERIMT X BAEBIRNERINI,
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Fig. 14 Scale inhibiting effect of inhibitor at five times
concentration
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Fig. 15 Corrosion proof effect of inhibitor at five times
concentration

XHEFEANC & B Ni - &OBFHEOWTE, EL7 2
FERMNDEHIZS M o7z Ll Nl o &2
F5eLT, $OMULNET b HEETEOHITRKEE I 1
YV ADRYT —VHERET D ERRE, BAEXEZD, T
EOET, Ni - X§EED BREOME L2552
5, EHMEL Vo Ay P 5,
&t 9 v

AU OHRERNO—2TH AT + 7 v PG
B NI Do XHETEINOBN L, - XEOMBEANE,
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