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Effect of Al Coating Repair on Properties of DD5 Alloy
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ABSTRACT: The work aims to observe the effect of Al coating repair on properties of DD5 alloy. Al coatings were deposited
on the DDS single crystal alloy substrate by CVD. The coatings on the substrate were fully removed via chemical methods. The
high temperature thermal shock test was carried out at 1100 °C through HB 5258. The thermal adhesion of coatings was as-
sessed through mass change during test. Through mechanical experiments such as high-temperature durability and
high-temperature instantaneous tension, the influence of coating removal and recoating on the mechanical properties of substrate
alloy was evaluated. The coatings before and after removal were characterized by scanning electron microscopy. The micro-
structure and elements at Al coating/DD5 alloy interface did not change after removal for 60 min in removing solution. The Al
coatings after removal and recoating were tested at 1100 “C under the condition of “air cooling”, and when the thermal shock
times were more than 2000, there was no obvious coating spalling on the surface of the coating sample. Coating removal and
recoating had no obvious influence on the mechanical properties of the alloy. Al coating repair apparently has no effect on prop-
erties of DDS alloy.
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BE/NAAR (45 5, DDS &4 iz v s & shbl
R TR A ML B I 50 1 e e 7 I e 1k i B0, it
FHIRIRTFA R IR H AR AW L, ZEoKiR
B AR R RE S AR T i AR T AR, HAREYTRIR
FALFPTHE hMERE, b T DD5 A4 TRt
R HA T MLEATERE, RSP IRZ RS 4
TGS IREE T TAE L & SR P AR 2 EA
REFPTE R A L . PTRVEMEERE, 1E =S & Shl
FUHL ETRAML A B S I i S R B R 2, RE IR R E
BLRVE o ARk i BRI HoR T DDS A4,
R NANRIEER A ALIRIZ, %M B e S bk TAE SR
B Eisir BT &2 /e, TR
RHE b, RS E 2k, 800 h HEE, 4000 A
8000 h INBIEEA 4, 25 000 h FRHI KB4, 50000 h
WA F, R R R TR E . FIK, DDS
HinG e b AL RIZMBEE R ARTES RN AT, B
F e FE g

AL H R 22 S AT T 7 (CVD)FE DDS
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1.1 iXEH&E

KRR IEE R A 4 DDS 1R N IEAM R, iR
FERSE R 30 mmx10 mmx1.5 mm, S4&E AR EH
/T 0.154 mm MR EDFATBAKRRES, F 0.3%~
0.5%7K FE5 VeI EA 78 75 D Uk 20 min, FH A R
K, BB TKYE, TKOERAKERT, .
K ALUVAP CVA 190BL-Single H{k2# AP
(CVD)Ig )24 7E DDS & &AM LU 30~70 um )
ALGE, WIFT 20 1045 C RV 8 h, EZ&%EE
F1°4 0.01~0.03 MPa, )2k FEZ 0T 1050 CE A 1L
2h, WIZEEEN 50 um Z£45

1.2 SRERK

Bic BB BRI, R DW-2 %1 Z U BE s s Pk o
FEPE AT, R R o 78 2 AR S IR 24 h
R . FEA N 0.154 mm R ERPX} DDS 4 4l kE
A Al TR 2R i T e LB, RN
0.2 MPa. ZBREDIE R 0.3%~0.5%K 31
PR VA A T M D TV 20 min, [ SR/KTERE, oK
SEEBK G T, Frid, Kb 51 DDS #4
WA Al W2 R AR BR A W 70 2R
Bio iBBRISRE Y, IR BRIA i T IR i 375 BA TG (b s 1o
AT AR, 2N EE R, IR BRI IR 5T A8 i SR 4
o FERBAAR, W% R AR T 7EiR
BridREH, AR Al PR Z 0 DA B
S BREE (R RE 2 A RORHRRE O 455 1R3B Bk )
B 1k PR ek A B 2 T B R R SR B (0 R G
iR Z R IRER T 2 ¥R BR G B TE 565~595 C
T#E L h, BEEARRRZRERER, LEAK
HEWMOREGIRZRE . HIRZEH KRB
FERUOR AR R P S T IR 2R B GR H R R
BERTFE Nk, BRETEREN T, iRk
JZ Ak 2 T R B — 2 BR B 1l = ) - Bk — 4 A —
AT o
1.3 KA E

K FEI-Quanta600 HHi 58 ( SEM)/ T &4 .
2R Y 2 T A AR A R i 2L, R Oxford
INCAX-Sight6427 REIEAL(EDS)K M & 4 Flifk 2 1 FE
L2 A7

K H DC-B/14 #AHE PR /ARG 50 A T et oy
RIS, PN i iR bR PR 5 I 2 IR PGS 25
71, iRES I8 HB 5258 (4N K& i A 4 b A Ak vk
R ), AR H N 1100 CHRIR 5 min,
AT S min O 1, R A JE I BORR aE aURE
ARk, RRR R IN{E <0 B, 20kl

K HB 51501996 (4 J& & il P45 A58 7
2 TR R A REIA, R &N 1093 C/
158 MPa, Ui FE B RFLERT ), X HURd 8505 & 4 M
28 3eb iR R PRV S T U 2 R B v TR R A PR BE S SR
HB 5195-1996 € 4 J& =5 i h A 77 v ) 2547 e i %
R RE I, 5% 2514k 870 °C, MK IARE BT
P, X O A 4 g iR B PR R IR 2
TR R TR R AR BE L 124 R BRI BRI LA P ik DDS
A DURR 25 R UUBIRZ AT IR 244, 7
W RIR G K RN DDS A4 1 i ke A R R
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Tab.1 Chemical removal solution of Al coating on
DDS5 alloy after aging

2.1

Components Application Specification
DDS alloy+
Al coatings+

aging behavior

Nitric acid
strong acid 1
H,0

22 AEMAEEERRBIRPERENE
R 5R

1 2 DD5 & & 7R BRI IR BR 60 min J5 /Y
WHIES . I 1 AL, DDS &4 A, %AW
G, LR BRSO DDS A4 Bea AR k.
XTI AT BETE /AT, 45 L3R 2, SR 2 AT I, DDS
TR RIAER PR 60 min J5, WA FE LR
Ay (LURESEGT ) M. Al 5.35%, Si 4.11%,Mo
0.85%, Cr 8.92%,Co 8.67%,Ni 72.08%, XJ M &4 T
1 DD5 G4 mITR, Al. CrERZEHP TR ES
BElnERE, #4705 Mo, Ta, W, Re FF&H
TR, L UHIRBRIA AT DDS e
JE i,

Temperature: 40~50 ‘C
Time: 50~80 min

DDS5 alloy

50 134mm_ 2000x 10 s

DD35 5 I FE IR BRIA W IR BR 60 min

!
J& AT 2 SHOE A
Fig.1 Cross-sectional morphology of DDS alloy after

removal for 60 min in removing solution

x2 BENIMEEESITER
Tab.2 EDS analysis of alloy interior
Al Si Mo Cr

535 411 085 892

%
Co
8.67

Ni
72.08

Item

Sample

& 2a 2R CVD JrikfE DDS &4 BT Al
WZEMRHOES, K 2b B7E DDS &4 L>RAI CVD
DR AL TR )2 M Re e R BR v W R BR A 19 RO
$i o STUURRAS AL )Z AT 21450 WLIR 2a TS50
Mro (W3 3) , g REH, CVvD Ui Al 1R )2
TR BERMP X EE, REREEN 5113~
51.80 um; AMNZEAEEN 29.97%, PEIXESEN
12.79%. X ECIE 2a 0] UL, &l 2b H DD5+AI 4k 2k
R ALTRIZE 100%B B, W2 SN2 R HUX B4
BRI e IR BR, FIARMIRZ /& & AT
TCH e . AL . R AR b, B ITER BRI
TWRERS 5C 2R B ALIR)Z T H X DDS &4 %A W B2
o XHURJZ /A A B DA A A S AT RE IS AT
R 4. R 4TI, WRB/A SR FEE TR
WAy (ARG ) M. Al 7.50%, Si 17.48%, Cr
9.78%, Co 8.42%, Ni 56.83%, P4t Al, Cr &5
AaIEER AL Cr FEER—BG A& WNHBR
JZILE Al Cr 50008 5.35%H 8.92%, 564
HAF Al Cr T EEA 5, 54I5% Mo, Co %
A Z A, dE— Ul R BRI TR RE 5 o iR BR
Al B 291 HXF DD5 &4 %A W w420

DD5
substrate

DD5
substrate

b DD5+A1 JZ+60 miniB /5
K2 DD5+AlZRIZ IR ERE W IR BR 60 min Bij 5 541
Fig.2 Metallography of DD5+Al coatings before and after

removal for 60 min in removing solution: a) DD5+Al coatings
before removal; b) DD5+Al coatings after removal for 60 min

23 REZABE

W25 G n RS2 A 9 R S o i 7 ik
HEATPEAY , B3 MR DDS+AL R 2B B/ IR E IS )
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Tab.3 EDS analysis of DD5+Al coatings (mass fraction) before removal %

Item Al Si Cr Co Mo Ta w Re Ni
1-Outer layer 29.97 — — — — — — — 70.03
2-Diffusion layer 12.79 2.99 10.16 7.85 1.17 10.58 1.17 5.06 49.40

x4 BRBRE A RBIXERNIBEILIINER
Tab.4 EDS analysis of Al coating interior
(mass fraction) after removal %
Item Al Si Cr Co Ni
1 7.50 17.48 9.78 8.42 56.83
2 5.32 4.03 9.85 9.79 71.01

TR, W AE 1100 CA&M Fittr, W NGAE
5min, HH125% 5 min, $HHLE R EIHEL (100, 500,
1000, 2000 X ) Framidie a8k, 2R WEE 5, &
5 1R AE SRR, WRIZEHEDIZ 100, 500, 1000,
2000 W IhIE, R AL B T2 E 2
9 0.29. 0.30, 0.33 F10.37 mg/em?, AL A8k
NS IR, RIZFREAR WK E R REBFETE,
MEMUILEE , T )2 R 5E 4 H A 56 — 235 — 30
Bak AR, — 53] 2016 K, EEA LB RBE n
SEHIME R 0.40 mg/em®, PISRALFIE R, WA
FEANI NI 3 FiR), WZEA R 25 bk, Wk
JZTE 1100 CIMEL S5 T Hr kb5 B8R F 2000 Ik,
IR FN 2 A S GE A o R

K3 DD5+AIl i JZBBR/AFIRELS 1100 CHk
g 2016 AP
Fig.3 Photographs of removed and recoated DD5+Al
coatings after 2016 times of thermal shock test at 1100 'C

#®5 DD5+AIRRERKR/B%RER 1100T
REPERBREBTUER
Tab.5 Results of mass change in removed and recoated
DD5+ALI coatings after thermal shock tests at 1100 C

Weight change/(mg-cm ™)

frem 100 ¥X 500 X 1000 ¥X 2000 X 2016 K
Sample 1 0.30 0.31 0.32 0.35 0.40
Sample 2 0.29 0.30 0.33 0.38 0.41
Sample 3 0.28 0.29 0.35 0.39 0.40
average 0.29 0.30 0.33 0.37 0.40

2.4 N1FMERE

7 6 4 DD5 &4 +0%0 5 DD5 & ViR
50 pum Y Al IRJZZITIRER/ PR 1093 C/
158 MPa il FF A IS5 R . % 7 4 DDS &4+l
5 DD5 &4 U0 50 um ALVR 2 28518 6/ 04 ik A
() 870 °C 15 T B It Fir A i 56 5 SR

F 6 AERAIREE 1093 /158 MPa #HAIRKER
Tab.6 Result of stress rupture test of different
samples at 1093 ‘C/158 MPa

Test

condition Types Time/h
DD5+aging behavior 22.375
1093 ‘C  DD5+Al coating+removing Al 4473
158 MPa coatings+ recoating Al coatings '
DD5 =18
57 RERSRAE 870 CHERH ik 1e % B
Tab.7 Result of high temperature tensile test of
different samples at 870 C
Test
condition Types oyMPa
DD5+DD5+aging behavior 968
870°C DD5+coat%ng+remov1ng 987
and recoating
DD5 768
241 FAIMEHE

% 6 MEFARKBLRE, WU DDS 4%
AR AL R 2408 bR/ PR i i RE W R A 5
Wk 22.375h Fl 44.73 h, RS S SIRFENEA
FmER (=18 h) . Kz, DDS &4 LK ALGZE
IR B B TR EEAR A A A 4 DDS R
PERE
2.4.2 BREHHIHHERE

7 MBI 45 R A, IEUS DDs &
S ARFER AR E 2B R/ B4 5 B9 RE R BRI
JE o, 53051 968 F1 987 MPa, AJ WL 5 & 4 Ak RE
oA &SRR IR S T 26%, Al IRZ4IRER/
FRRE R AR & 4 SRR R E IR T 28%.
M2, DD5 &4 i Al 1R 2R R K PR B A AN
KK 5 4 DDS W) iRk ae .

M 6-7 AT, Al WIZZAu 07 B R G R
B, X DDS A&k JiAbEme (RRFEA . Ml
WA fr A ) TG B
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