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Abstract: The passage reviews the impact of rare earth elements on the weld metal of low-alloy high-strength steel, includ-
ing their effects on welding processibility and the microstructure and properties of the weld metal. It summarizes the role of
rare earth elements in improving the processability of welding wires, electrodes, and fluxes, as well as their impact on inclu-
sions and solid solutions in the weld metal. The paper also discusses the methods of introducing rare earth elements under
different welding material preparation methods and the commonly used detection methods for rare earth elements in weld
metal. Results indicate that rare earth elements can enhance the processability of welding wires, electrodes, and fluxes, pri-
marily by enhancing arc stability, improving droplet and slag properties, achieving ultra-low spatter, reducing welding de-
fects, and optimizing weld formation. Through complex metallurgical reactions, they form composite inclusions and solid so-
lutions, which can purify the weld, refine the grain, and induce needle-like ferrite nucleation, thereby enhancing the strength,
toughness, and corrosion resistance of the weld. Depending on the method of preparing the welding materials, the way and
form in which rare earths are added significantly affect their transition rate. Compared to traditional analysis methods, induc-
tively coupled plasma analysis technology has a more pronounced advantage in detecting the content of rare earth elements
in the weld. The current understanding of the mechanisms by which rare earth elements operate in weld metal is still not en-

tirely clear, and the methods of addition and detection also limit their further application and development in welding materi-
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als. Future efforts need to focus on researching the functioning mechanisms of rare earth elements in weld metal, optimizing

the amount and methods of adding rare earth elements, and establishing comprehensive detection standards to promote the

application of rare earths in low-alloy high-strength steel welding materials.

Keywords: high strength low alloy; welding metallurgy; microstructure property; weldability; rare earth addition; chemical

testing
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Table 1 Rare earth metals change the droplet transition

ey F A e 5 E AR L B F s I R Read A R P RURILS
FHARBE SRRV, 2 v PR F Al oy T
DCEP PR, 3o PR R A z AR 1
. A — T JETRAELIC, 1 A A Al HE R AT
) WIEESERUN, FLIG  E Fi o L
DCEN PR, 3o PSR R A A R
N I SRR , 20 A3 Al i R AL
H A BRE 5 1 RS 5, 477 FLR ) F Al Ay
DCEP PRI , 1 TR AT AHE R
e PN ——— P TR, o JEAT %A At i R IR AL
FLE T F Rl o T R . " . , N
DCEN BRI BE 5 i A e (e Tt %mﬁiﬁm% SN/ 3o AR Ay ey g S5 3o U
AR kiR ik

5 =, B AR R g S SR I Rk, AR 0T
N AT SO A N =X A N (23]
FE R L AL IR RE A% PR B 1R 23 15, 1l e T
S A T U, E T SE IR AR Rk . E 2k 255 H I
TEFE I, # 1o0 R AH CO, R IE o v s i Fh A%
50 i it ao Y AR A A A R S AR, DA S
ARG KR EE4E . Lesnewich! " (W98 3 — A 06 1F
T EIREEE B oG ER U 0 W BE T DU o b
B AAAF T B IR .

12 1B%

i L JCZR WA (La) i (Ce) F2(Y) S HARHE
BB T4 X T R BRI Z T AE
CE P NP SR (& S SN (22 S A
AT R GE A S M PR, AR - AR 2%
FEMR R R TR B AR , & T 519K, A G
Wrol . X585 NSl R A B A b PR 45
PEBERZ W A 2 B, 7 ATk e B B AR 4%
P BT BE (I3 2) , e il X S84k % /s

R2 REERI SN E RS
Table 2 Effect of mixed light rare earth oxides on arc break length

and slag detachability!'*!

i kit /% Wi B /mm JBLIE /%
0 29.93 44.67
04 32.67 91.33
0.8 34.13 60.83
1.2 33.1 76.33
1.6 37.07 74

T 1.6% IR, K5 2% 4 Uiy A B2 it A 5 S 79 38 o
.

i 1 TCFR I A W] LA AR 2% R i PR e
il FLU St M v, 0 AR 4 3 i ) o 1 B, DT
AR TIREER Y . TEIREE UG , I AR AE R
TET F49 158 5 T 3 e P A AR 3 AR 4 o Y o 2
WERZ—. i Lo R i s SR S m Rl ry
Frim sk Sy, BEAR TR SR B PERE . DHSERI,
i LR By S B R AS A BRI AL s
FeO Az il , i i v 0% s TR s L S A e 0



18 F I3

2025 4F:

WRIEK T, SIE e E R K TR, WM T R
I PES . 5 H AR I B AR - B
1 M A 2% P L IR e TR IO s 23 B AR A G
RVEHT . HA R 0.7% A A5 L 0.7% Ak Fn
1% B AL A2 A NG KR SR 25 T2 RE ARG SR
LA B B0 3 R R R SR 43 3l R 21.25 mm
27.7% F12.85%.

1.3 &

Fiis 1 0 R AE T 4 Ry o R BAE i AR
FlEOR ST I G N 2 3N I A S 4 | SR
AR BB S T . RIS P A A
AW I 53 KO 3%~8% I, K42 T2 M g ] 3145
A el s VA H AR X R £ 00 2 X HE IR AR
R T L PEREMAF I3 /0 AR5 S8 HAE AT AR AR AN 8%
PR A ST RCR , AT DLt — 2B R R A N
JEF IS I o ZEET AR AR U, PRI AE
WFFE 1T #1002 La A EEURE 2 im 7k F10s/)N
B Cu A4 b R A R T AR, B AR TR
PEBE, If-42 11 7E Sn—Zn-Al-La ZR4EE T # + La iy
AR NN 0.04%, IR > R IAECR I i i
fif i 5 Re, O, (P L AL WIR 59 vl LAREARS
B B B A1 B S AL IR, S
/N T 14% BFE AT DLREAR ARt s A R 8] — 1y
B EH]

1.4 INE

Fiis £ 0 R T 20 A 52 ) 32 R R 7 A
22 JRAFIRF =071 . R TN L Mt
& i FR RS E M, GBI TR 52 0 S R A RS
PUABAR K. X REA T2 B oC KRB SR
SRR M, A T T R, i v O A e, Dl K s
B o FEARF T2 M7, W oo & i 2 S AR
P O A PR AR SE U A5 AR T2
fig , HAHCHIFZE A SRR A s 824t T nT 17
Tl

2 BIxREERARERRZIT
SZHE T LA S A R B 7 T

RAEARG & R AR e 5w i 2 2R AR 00
Pef SR A R 2 o AR A < s 40 1 23 A

WL T 22500 b2 SOV 7= LA + e
T HRAe Y Fi S ALY A KR A e 2 B A
TE o i L ICEAEARA 4 SR A 4 Ja v () fif 0l
AR AR RE S, s 24 %) L R s
ENMIRE A — @ W . RaEP Mt o®E
FLLLLLR PR AE I SO 4L 8O RE A R
2.1 FkZH

s £ 0 Z ] LA A 45 5 24 R 4 IOV R B
ARSI ZYI I A3 AR REZS , R 4i/ NS 5 7R
W EHERBRIE (A e 24 W B AR AT 1 R R
STRASRZHE I Y . AR ELE NP TER IR
1 Ce 1) Q420 #5854z Ja vh AW, e HAL IS | R
Iy RERIE , RETE 1 pm PR B4 45) (I
K 3a), MHLZ T, K5I A CeAYIR4E e 2 5
ASF Hetk, Rk Ho 4y A A 359 (UL 3b) .
Thewlis > $& H 4l EAL I AE R il T & AR A 2F RN
fefid ottt Y 2 A 4l F SR AR 7E Ti L AL M, Si (8L %
THT , A A BRI RE IR R e 22, 7 o TR it S B 5 1)

0.7 7
0.6 1 Mn
L 0.4
5
e
0.34
0.2 1
0+ r r T ; T
8 12 16
flE®/KeV
(a) Bline s
1.2 .
o Si k- -4
0.9 - .8
|
0.7
@ Mn
o
2
Fe
' 8§ 12 16
it F/KeV
(b) Tehili iy H5E

B3 1Rk R LA

Fig.3 Weld inclusions and energy spectrum'?’



553 1]

BRO, % W ARG SRR A SR T S P ER 19

B, Y S A MR R[S 1/[O i 4R,
o A B v 0 L R R AR BRI TR
T [ TR G RS . IR UE AR I I
et I Y W AT R Ry S OB A, i R 4 1Y)
580 AN |, 3 BE Al /N Je B s/ IN T g S e, 1
TN LY RS N TR e R i R
REATR T 24 i m] , DA I B8 1 AR (%) T g ok

Wi £ e 22l s AR R R . R
N SR B R RE T A M4 R, 8 R
2R BRI AR & 8 2 A e 24 Wb/ R i)
% B AR KR 4 4 B VR AR B OB A% G B i R T
1) Ce;0,S . Ce;Sy. CeS 5 Bl IR 8 R AR 7 4= .
Bramfitt?* 38 3 38056 5 25 2 (D) I8 fe Vi
JE B, PR FORALIT , 6 < 6% RITE R A 3%, 6=
6%~12% HITEAZ T AR, 5212% HITEAZTCAL

gt = 3 DO b, )

i=1 [uvw],

A (hkl) — B F % AR T S %1 5 [uvw | —
(kD) AT 5 255181 5 [uvw | —(hkD) AT 5%
ST 5 (hkd) — B A8 B9 AT 5 232718 5 Luvw ], —
(hkl), BT 5 2R 1m s d— R 1a] a1 #E 5 0—[uvw ],
5luvw |

Z 2 EH A a-Fe 5 Ce,0,8 . CesS,.
CeS IAS LR Y9/ T 12%, $HIR R R I IEAZ 77 AR 1)
WA AR RERL /N, PR I AR 5 e 2 T i — B T e A 23 i
PEEPIRER R IRIIEAZ S KK i 4 iR Bk ek
BRI I ER AR & N T A2 B S8 A0 2 R AR
Ko, HA 1) S A R AT A S A K e T ik 3=
AN Al 2% 4k 22 AR 467 1) 52 4 AN ], R ik vl B g o)
il AL 7 =l A A R A AR R TR B B R .
FEPRERZ AR RS/, R Z 0 KA S5
1M 15 2 R R AR 2 A T DA R TR R o A B fn
A R B A L BeAh, ERER R RN
S 11 e 22 AT A8 AR IR KA YR B %) (R B, 1 — 28
PET& T KRAE BT B AN AR

i - Je e pml Lhdnfb ik, £ 7o g
Je & B [GAAR Y (110) TH AT 424 La,0 4 (001) [H]
FETCEE A 8.7% , ARl 5 /NVRE TRC B SR 3, La, O, 1]
YRR WA BT H B8 LA B v A 0 7 BB A% AL
AT 4 Ak B G AR SR, R 20 AT A Al /NS 22

TeTplOSHICE

(a) i L3026 (o) EPREERHIE,

empshobE et 0
() EFRPFE AR5
E4 HEPRGEETERT RS HENZED

Fig. 4 High temperature metallographic observation of acicular

ferrite formation'*"

ArRLIEAZ PR T2 S, Cao 25 NP A X #i 1
A SR RE R AT e T A LS A B T e g

E5 M@&ABHHTESEUNED

Fig. 5 High-temperature metallographic observation of grain

boundary movement™"!

22 BERES

His 4= 0 2R TR AR 2ok A8 v 1) [ FLAEE S A FH
FEETT TR, SR R R 48 & Jm 1O
- [ B B A IR AR T A TN ] (R 4 S
B RS R S AR R s I B — e 2
Wil % tooxR 58 EABRME GRS TE
oM ER G XTSRS A s



20 F 5K

2025 4F:

BIC IR I, 1T LA 8 A A TE A 1 A
XA o — BT I I 2 W 58 4 B o o s
AWy Ja A R SRR L B A, 2 T2
M 1 TR TR b PR, P A AR R K
P ERPRE 1A A R L AR
AR <6 o SR BV [T A A 5 ) 0 AT S SR A0SR 3 BT
7, I LA — E R R 1
R3 ZHRHIMEFEREIT(RESE, %)

Table 3 Analysis of the occurrence state of rare earth elements in ex-

perimental steel (wt. %)
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kS FLIMALR/% #2485 /ppm
12 0.15 17
13 0.3 L5
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