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Experimental study on deliquescent salt-induced corrosion of boiler
low-temperature heating surface materials

Guo Shuail, Li Pengzhao?, Lan Xuan?, Lu Jingjing®, Wu Wenxia!, Xie Yuntian?, Liu Hu?
(1. Yan’an Quality and Technical Inspection Institute, Yan’an 716000, China;
2. Xi’an Jiaotong University, School of Energy and Power Engineering, Xi’an 710049, China)

Abstract: [Objective] With the introduction of the "dual carbon" goals, biomass fuels have gained widespread
attention due to their abundant supply and zero-carbon-emission characteristics, leading to the rapid development
of direct biomass combustion and co-firing technologies in pulverized coal boilers. Unlike the sulfuric acid
corrosion in traditional coal-fired boilers, the low-temperature heating surface corrosion of biomass boilers is
mainly caused by deliquescent chlorides. It is primarily driven by deliquescent NH4Cl and CaCl,, which can
absorb moisture from unsaturated vapor, thereby raising the corrosion temperature. Meanwhile, ClI- ions further
promote corrosion, increasing the difficulty of material selection for low-temperature heating surfaces in biomass
boilers. [Methods] In this study, NH4Cl and CaCl. were used as representative deliquescent salts. Corrosion
experiments under simulated flue gas conditions were conducted on three commonly used low-temperature
heating surface materials—20G, ND steel, and Corten steel. The corrosion rate, micromorphology, and corrosion
products were analyzed using the weight loss method combined with SEM, EDS, and XRD. To match the
temperature of the low-temperature heating surfaces in boilers, the experimental temperature ranged from 60 °C
to 120 °C. [Results]The following conclusions were obtained: at different temperatures, the corrosion resistances
of 20G, ND steel and Corten steel showed only minor differences. When loaded with deliquescent salts, the
corrosion rate increased as the temperature decreased. Apart from that, for the loaded NH4CI, the corrosion
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rebounded slightly above 100 °C due to the release of HCI from partial decomposition. At all experimental
temperatures, the corrosion rate of NH4CI was significantly higher than that of CaCl,, and the difference between
the two increased as the temperature decreased. [Conclusion] The deliquescence ability of salts does not fully
correspond to their corrosiveness; instead, corrosiveness correlates strongly with the pH of the solution, and salts
with lower pH values exhibit stronger corrosion ability. For example, the critical relative humidity of NH4Cl is
much higher than that of CaCl., yet the corrosion rate of NH4Cl was consistently higher than that of CaCl, at all
experimental temperatures, and the lower the temperature, the larger the difference in their corrosion rates. When
the salt with strong deliquescence ability is mixed with the salt with weak deliquescence ability, the deliquescence
ability will not be strengthened, but the corrosion ability of the mixture may be stronger than that of either
individual salt. For example, NH4CIl was mixed with CaCl; at 100 °C. CaCl; has a stronger deliquescence ability.

This enhanced the corrosion ability of NH4CI.

Key words: deliquescence; low temperature corrosion; NH4ClI; CaCl,

B R HEE A R A2 e IR I O, HEMH
RERFEL 10 C, Wl acRstE 0.6%0, Hid(K
(R R 2> T B IR 2 AR ), s 0™ H
P, AEPRAE bk RS Bz AR,
H TR A, A4l Bl T 5 RR00
BRI 2 FA TS [ ) S b ) R A% G ORI A 18k
BHOOE & R s, FURIRSZ A8 h ) = 2 R 2
TR IR IR 7R VR R AL s, TR RV 5 R
SRR AP R R R A A, I AR
g e 1 = T Js DR AR K P ) R o R R R A, T
PSP FL AR I VA TR 5 | R R A U A S o ORI A A A1
552 AT FH (A B 5 o M RE 4 1Y) ND AW 7E A=
Yty oA A T P L L R 6T,

NI AR AR RIS S T I R R, — g
X B3 B iR 52 TR AR 2K R4 DA B JGg ok =y kAT
T IV SRR K AR K B S B,
— BRI TE T HCI SR 2 R 5 -1, {3
SERR A IR HCI XE LAEESS , TAFH 25 30%7K 7%
K5 1000 pL/L SRS, AR ST
75 C, TMEbRERER T KER - RA DL
30%, #hFEREE STE 60 CLA R, 5EIRER mAHLL,
NH4CI )45 S FEAR X 8w, 72 10 pL/L HCl 5 10
puL/L NHs 385, NHLCl 45 iR e &8l
100 ‘CO8l, fkAk, HCl A RTETR AT SOz 1] SOs
A EIL IR GZE AR 208 3%) , Fitk
FAEMRA A B 518 B =R BE o 7 100 pL/L HCl 5
100 pL/L NHs R85, NHlCl 45 & 5 i ik
130 C, JLFERRIERR Y HaSO4 i sidil . HoAth
AR R B AR e M, i CaCl 7 800 C
LR JLEAS i DRI 78 w3l e 2 v () S0 ok
FIRELUHIF 7T HCI k45 5 (18 P BB A5 057 . B
Bl oK ZE SRR R, HEAY R R RE 1B
S, A AT AR S R AR ik P o

http://rifd.cbpt.cnki.net

Al

ZHRENY B BARNTRIARRE S, A RAN
RPN ARSI 43, AT e ARG FEg ek A A PR IR
o BRT REA R A B i AN, TR CI
ABLT- B A 6 20T S e % fry s i BE KR 7R3
a3 AT R IR H () AT A LA CaClz AT NHLCI
N, AR IS PR R D e A K 4 S 11
TR RS AL I R B AR R Z .
A LA CaCly A1 NHACIE Ry di B ol 2, it
BRI IRES, 5 4 J8 FF i 2 T 1 47 800 o I =
SOl R O W N T v R 25 2 S A
JEIIE ATy, it J i 2k 3 43 BT A 3R T TS
SAEFB, VAN AN [F) ) A R 1 i v s
O EE W) ORISR UL 52 AR T PR JB5 ol 7 9 B L B 9 A
o
1255757
1.1 LW HRS%

T FEAS [F R REEE AN [5] A W A 2k T 0L T it
JE AL, AT FE R A 2 AT S T S5
KB 1N RGRE. RGEEAM. Wit &
WIR BRB P E MR AR E . SN
SIS, TR RS, ERKSE
PIRAL, K ZE AL S e =08 R A B IR A G it
NEME G, ZJaHER B R bR E .
1.2 ¥ amblE

SEIG IR BRI 725 %2 20G ND 4X A1 Corten,
X LG JE H TN V2 A8 B 7T AR IR 52 A TH Y
Wt HEITCRMBES R 1R, LY
77 B AR E AL 10 mm X 10 mmX2 mm
TR, B RLRAZR 28 13 pm (FTEE 5
4 J@ FETHFRE 2y 5~7 pm) [ 7K BE R AR 0T 45 S8 RE
1) FERTHRATITES, 5 4@ S JBCE B i e )




HFEHIK

XX & XX

R T

R R dEdik it R R P

AT

B 1 RIRSER IR RGERE
Fig.1 Schematic diagram of simulated flue gas corrosion
experimental system

H# 5
& 2 BaRERESR
Fig.2 Morphology of the sample before corrosion

a) TS b

x1 ERHTEREAM Bhi: wi%
Tab.1 Elemental composition of metal samples
WL Fe Ti C Si Mn Cr Cu Sb P S Ni Mo
20G 98.79 0.18 0.42 0.56 0.03 0.02
ND 97.52 0.07 0.39 0.45 1.1 0.29 0.06 0.04 0.07
Corten 96.89 0.08 0.55 0.71 0.56 0.46 0.02 0.01 0.71 0.01
1.3 7. P B %R 3195 gi(m?-C), N

HEPSEEWAF A, BENRIEFRZ
—, BRI R R R A S AR, e s
Ao FE i SR RH ek o 7 8 T R A S P S R
FELE R4 Jo vk 52 Al BT B n] Re VA il R AR A2 Ik
LRI, IS PR JE e B AN 6 58 A AR SN
TIFRRE, DML, RAREVEIATIIE.

W, :V% @
AF: WoASEREE, glom?; Wo A JE AT
FER R, g5 Wi B iU JHE BR S =25 1
JRE, 95 SONFERMTEIE A BT S 5 6 i s N ) 2R
M, cm?,

S S R RSB 5% = BT IR
VEREEYE 10 min. JEYE R FHJE K CBELK, 50 C
HAETH 1 h, AHNEREGRE, RAMBETR
SPREE R 0.01 mg, X TR E KT 0.1 mg BIAE
i BE S R M R FE I BER . BRIk 2 Ah, ARTTIE
B ST (SEMD | BEIE/r AT (EDS) F1 X 4
LRATHX (XRD) 20 AT 3570 1R JE P AL 2
2 RS2
2.1 B—EL S HOERAR IR i

£ 2 HIH T R IR e Tk E
B 3a) NASFIRPRHE G130, NHLCl I Ji i 2 2 il I
A Hh 2. 20G. ND 4M. Corten 3 Fiit Al i) Ji5 it 2
HEA— MAERENF R, EiikE SR
NS, HA IR )y 60~80 °C IR i 5 E A R A
RIPRER, L 20G M, AN 60~80 CHYBE

http://rifd.cbpt.cnki.net

80~100 °C I B i [E 1) °F ¥ A2 fb % 4 0.821
g/(m?-C). iR JEHE ] 100 CLL LR, ik E
HIER G G, 2 i DRI T B S Tl PR v
PRTEMIE R, EH AT AR A NHCI TE Sl R &
AR RIZ R HCL R HCI B8 K, (EAh8Rn]
RETE 7 i 1 BT 5 4 Ao F s ok

Kl 3b) A EIAEHE 148 CaCly I Bl AR,
(6 ok Ll 28 . I 3b) T %, gk FEFAAT NH,CI
ORI AR — B, JEE Y 60~70 °CINFfig i 25 B R B&
RELR, DL 20G A, WER 60~70 CHYBEEE
(T 24148 42y 0.687 g/(m2 =C), 70~100 °CH IR
FEHP AR 0.097 g/(m?2-C). REREN
60~100 ‘CI, CaCly #fe MRFA S5 20%H) 7K 26X
RIS R SR B K 4y, (B R e R K ) 7K o D
TV RSP R T R AR P UL oy, I S R S SR v R
[ A AT 5 S50 il 55

Fz2 B WEEmIR
Tab.2 Deliquescence corrosion conditions

E=RaNZS

N e KESM RS

vEl FEF [0 Eh /4 1/

HRErPC Hor jFA/D\%#E T4 5% H/h
60. 70 80. 90, NH.CI. CaCl, 5 20 24

100, 120




4 ‘A% e

HFER

—=— 20G
0.008 - ND
—— Corten
o
‘= 0.006 -
=]
2
]
4K 0.004
#
e
0.002 -
0000 1 1 1 1 1 1 1
60 70 80 90 100 110 120
RE/C
a) i NH,CI
0.0014
—a—20G
0.0012 —e—ND
—a— Corten
« 0.0010
£
(=)
©0.0008
]
4K 0.0006
#
ke 0.0004
0.0002
0.0000

0 70 8 % 10 10 120
iBE/ C
b) ﬁlﬁ CaCl,
3 FEI#HE 60~120 CREMKE

Fig.3 Corrosion weight loss of different metal materials at
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Fig.4 The macroscopic corrosion morphology of 20G at different corrosion temperatures for 24 h under the condition of load
deliquescent salt
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Fig. 5 Morphology and element distribution of 20G after
corrosion at 70 <C under the condition of loading NH4CI
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50%NH4CI+50%CaCl. at 80 °C and 100 C
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