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Development of Wear Resistant Coating

on Inner Wall of Cylinder with High Aspect Ratio
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SUMMARY

I. Title

Development of wear resistant coating on inner wall of cylinder

with high aspect ratio

1. Objective and Importance of Project

II1.

IV.

- Cr and Cr-C deposit was formed by electroplating, and then ion
nitriding was achieved on them. The aim of the project is to make a
hard film such as CrN or Cr(C,N) which is resistant to corrsion, wear
and impact.

- The life of gun barrel and rifle can be improved by optimization of
electroplating and nitriding process for reduction of cracks and

hydrogen embrittlement, fineness of chromium deposit.

Scope and Contents

- Establishment of chromium electroplating and ion nitriding system
for inner wall coating of cylinder

- Development of electrolyte of Cr-C alloy plating

- Study on the crystallization process of Cr-C deposit

~ Research on the increase of speed of ion nitriding on Cr
electrodeposit

- Characterization of CrN or Cr(CN) layer

- Improvement of uniformity of electrodeposit and ion nitrided layer

Results

- Study on the hard chromium electroplating and Cr-C alloy plating



- establishment of plating system of inner wall coating in cylinder
- improvement of uniformity of deposit on the cylinder with high
aspect ratio
- development of electrolyte and process for Cr-C alloy eletrodeposit
- characterization of Cr-C deposit
- Ion nitriding
- establishment of nitriding system of inner wall coating in cylinder
» development of nitriding process
- characterization of nitrided layer on Cr deposit
- Computer simulation of nitriding process
- estimation of deposition rate with temperature and nitriding time
- study on the formation process of nitrided layer by computer

simulation

V. Applications
- Contribution to improvement of munitions and civilian industry
- Various potential application fields such as mould, corrosion resistant

pipe and so on
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Figure 1. Schematic diagram of flow type plating apparatus
(@) plain view, (b) plating cell
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Figure 2. Thickness deviation with the current density

in Sargent type bath



Apparatus for
internal plating

Figure 3. Schematic diagram of internal plating apparatus for sylinder
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Figure 4. Cr-C deposit obtained from the bath containing formamide
(a) conventional Cr deposit, (b) Cr-C alloy deposit
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Figure 6. Cross section of Cr layer and Cr-C/Cr double layer

(@) conventional Cr deposit, (b) Cr-C/Cr double layer
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T '53‘ A} i
Chamber = 7] (mm)] D600 X L1000
=g A FE(torr) 10"
71E-L&5(TC) 600
A H DC, ¥2DC
ARV)/A/(A) 800/35
Fu-4+(Hz) 300~1000
Duty(%) 0~99
B.AA(V)/ H/H(A) 40~300/10~100
Arc S. T.(us) <1
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Figure 7. Appearence of ion nitriding system
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Figure 8. Surface morphologies and cross section of (a, ¢) Cr plating layer

and (b, d) ion nitrided Cr plating layer.
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Figure 9. XPS analysis of ion nitrided layer
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Figure 10. Diffusion coefficient and activation energy of ion nitrided layer
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The study on Cr-C alloy electroplating

and its characteristics
D. Kim, M. Kim, S. U. Park, K. S. Nam, D. Y. Chang,
S. C. Kwon, D. S. Shin'
Korea Institute of Machinery and Materials, Changwon, Korea, 641-010
*Department of Chemistry, Changwon National University, Korea, 641-773

Abstract

The addition of organic compound containing -COOH, -CONH,, -CHO group
such as formic acid, formamide, formaldehyde or diethyleneamine to a
chromium electroplating bath results in a chromium deposit in which carbon is
incorporated. Such deposits have fewer defects than chromium layers produced
by a conventional method. It was found that the as-deposited layers were
amorphous and auger electron spectroscopy(AES) showed that carbon is
distributed uniformly in the deposit. During heat treatment, Cr-C deposits
began to crystallize at 400°C, and at 800°C they were crystallized into
chromium carbides and oxides. The effects of current density, amount of

additives, applied current waveform on Cr-C alloy electroplating were

examined.
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E WP E A wgE AFT, FFoEE P ALEIAT B AF0)
SR Cr-C EEFY 24E ¥ 19 Yo
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HAEAM A8 BAAE AMEstY gRstn FAHF F =238 ey
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31 F7137 A9 9

Asx Sargent£ol] ZE7)7F & R7)1FFEL HU1E 9ELS A2IS 50
A/dm’, 50TIA 30 £ =3t FHEAL L XRD patterng 313}%ch 2
¥ 25 42 28EFH 710 A1 WFE O-C FREFY XRD 3420
2, 729 F7137MA A Cr-C FFEFF0] A e JAHgEL et
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Table 1. Bath composition

chemical condition
CrOs 150g/1
HSOq 1.5g/1
HCOOH 10~30mi/i
HCONH: 10~20mi/1
HCHO 5~20mi/l
HOOCCOOH 10~30mi/1
(CoHs)2NH 10~20mi/1

3 20
Anode M Cathode

15
200 : (specimen)
H 'k (PD) St
+ EDTH

nT

300

200

£l

(a) (b)

Fig. 1. Schematic diagram of flow type plating apparatus ((a) plain view, (b)
plating cell)
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Fig. 2. XRD patterns of layers with different organic additives

Fig. 3. Surface morphology of Cr and Cr-C deposits
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Fig. 8. Crystallization of a Cr-C deposit on heat treatments
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Computer Simulation for the Growth of Cr-nitride Formed
on Electroplated Cr during Ion-Nitriding
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Dept. of Material Sci. & Eng., Korea Advanced Institute of Science & Technology, 373-
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"Divi. of Chemical Metrology and Materials Evaluation, Korea Research Institute of
Standard and Science, P.O. Box 102, Yusong-gu, Taejon 305-600, Korea
“Dept. of Surface Eng., Korea Institute of Machinery & Materials,
66, Sangnam-dong, Changwon, Kyoungnam 641-010, Korea

Abstract

The structure and composition of Cr-nitrides formed on an electroplated hard Cr layer
during an ion-nitriding process was analyzed, and the growth kinetics of the Cr-nitrides
was examined as a function of the ion-nitriding temperature and time in order to
establish a computer simulation model predicting the growth behavior of the Cr-nitride
layer. The Cr-nitrides formed during the ion-nitriding at 550 ~ 770 °C were composed
of outer CrN and inner Cr,N layers. A nitrogen diffusion model in the multi-layer based
on fixed grid FDM (Finite Difference Method) was applied to simulate the growth
kinetics of Cr-nitride layers. By measuring the thickness of each Cr-nitride layer as a
function of the ion-nitriding temperature and time, the activation energy for growth of
each Cr-nitride was determined; 85.26 KJ/mol for CrN and 85.36 KJ/mol for Cr,N.
Further, the nitrogen diffusion constant was determined in each layer; 9.70 x 102 m?/s



in CrN and 2.46 x 10"* m%s in Cr,N. The simulation on the growth kinetics of Cr-
nitride layers was in good agreements with the experimental results at 550 ~ 720 °C.
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2, Ay

# ddolM= sMasC ZAE AHEsted A4 18 mm, 283 FAE 5 mm
2 % g FEe AlH-E ARste 250 g/l CrO, + 2.5 g/L H,S0, £ A
30 ~ 50 A/dm*e] ZHAOE ¢ 20um FAS A AE 32 2F 2L A4
IRt Hal BA IF EF 5L I AW o)L Ag HYE s
o] A3t M Fig. 17 2 "2 AY W49 o] Az FAE AL L3
Atk ol ds FAE W3 W 9hg Jtx aga AEESYe NFE
EZE2 TAHANUD Y YeE ol A3 Ay Lx& §AsE 3 EI}
Aeon, AEEHE A Y9 g 7129 g we 2% agyn J)w
o A ARE 2HE FANE FAH Yot o] A Ay A AY
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ETET £97] FolA o] A3 HPE %k Ma 2EE 550 ~ 720
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ol A3 A7 A FAHE IE AIFEY FFHE BAE] Y5t XRDS
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3. 3. 1. Fixed grid FDM(Finite Difference Method)

ol A3 A FAHEHE AFE AFGE T AR W M BAs delA
A EdE atgo 2 do] dao il 2o Fixed grid FDM(Finite Difference
Method)S 28-3t9 T T4t Ao 59 Azt W& A9 B
Wate] talA AAsHThY

Fig. 79 & A9 HAF ZAPolA] AFE3 Fixed grid FDM(Finite Difference
Method)ol A&} A4 & WMEE Ytk 4 2& FFE F9 JF9
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gridol]l X A48 FE W I AFE Fo FA 2H¥EdY 4 2§ 2
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Figure Caption

. 1. Schematic diagram of ion-nitriding system.

. 2. XRD pattern of Cr-nitride formed on electroplated Cr by ion-nitriding at 550 °C,
650 °C and 720 °C for 20 hrs.

. 3. SEM image of Cr-nitride formed on electroplated Cr by ion-nitriding at 550 °C,
650 °C and 720 °C for 20 hrs,

. 4. AES concentration profile in depth of Cr-nitride formed on electroplated Cr by
ion-nitriding at 550 °C, 650 °C and 720 °C for 20 hrs.

. 5. XPS analysis of Cr-nitride formed on electroplated Cr by ion-nitriding at 550 °C
for 20 hrs: (a) SEM image indicated sample condition for XPS analysis, (b) XPS
peak before etched and after etched surface, (¢) XPS peak deconvolution before
etched, (d) XPS peak deconvolution after etched surface.

. 6. Schematic of nitrogen concentration profile in Cr-nitride during ion-nitriding.

. 7. Schematic changes of concentration profile and interface position during one
time step in a fixed grid FDM.

. 8. Plot of the square of the Cr-nitride thickness vs. ion-nitriding time as ion-
nitriding temperature: (a) CrN, (b) Cr,N.

. 9. Plot of the logarithm of the nitrogen diffusivity in Cr-nitride vs. the reverse of
ion-nitriding temperature.

. 10. The simulated nitrogen concentration profile in Cr-nitride during ion-nitriding
on Cr at 650 °C for: (a) 10 hrs, (b) 90 hrs.

. 11. The simulated plot of the Cr-nitride thickness vs. ion-nitriding time compared

with the experimental measurements at: (a) 550 °C, (b) 650 °C, (c) 720 °C.
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oh) '
- PP LINING : & &%

ol B= o® 23



- A=A KSM 3511-3% (Y4t WA 8)
- 28 =7, 57 80um o]

Hh B2 HAMNE Beuzk A3
- GLASS-WOOL 50T
- SUS =t 1T wl&g 9%

A5 &7 X g3
v A : 1500 x 2000 x 1500H, 17}
U g4 B4 2
Tk &5 @ S541 6t Hel= + CPVC 6t LINING
2. 87
- d¥3 ;U9 £% (ASME SECTION [ ¥ VIo| w&
o)
- CPVC LINING : W €3
ol A R =3
- WA EF KSM 3511-3% (Yut WA -4)
- 28] &4, T4 80um °]’3
B BE  @AAAE Bevizt A g
- GLASS-WOOL 50T
- SUS g 1T &%

2% =37 OVER FLOW #=
7F. ¥4 : 1500 x 1000 x 1500H, 17}
U 84 16 Z=
t}h. &5 : 8541 6t B + CPVC 6t LINING
& &4
- de= o W, 99 2% (ASME SECTION 1 € Vo] u}=

t}.)
- CPVC LINING : W™ &3



o BE R =
- Y= KSM 3511-3% (Ut W4 §)
- 23] =%, F7 80un o}

vhoRe WY AAF medtA e,
- GLASS-WOOL 50T
- SUS ¥t 1T 9%

3.15. HZAA

1) &AL
- 8719 EHd Ay, E5W, ¢IERW, 293 §F AHgd &
gk Agtol glojok 8lm F& FEE 100X FHhA zHAE 4

"ol a78E A% FAE BEdo dv AAHY 8

A FA AAE W8 A

- ZYF FA, &7 FA HALE Rl AFoR AAEY RE
=

gr W2 glojof gt

4) w3t HAL
- A(7}E) &7] AAF= ASME SECTION VI DIV.1 UW-51 ##
o] ¢4 FULL RTE AA]3c}.
- WlE©Us 316L) 87 HAle NOZZLE TO SHELL#%
EXTERNAL &% 2o PTE AA]dtedof 3o}



5) AL
I 2% 90T = 10T A 48
AlZE olule] w5k glofot sy RE A1Re ARALIA A}

=S Pk

32 &9 ¥F A

3.2.1. 7|8
EE WF BWe] U BEo] doUES 7] AsiMe &9
o PlAle &% CONTROL ¥ 8o g3 Fa3dH ol 3
Zs}7) 913 PP o2 OVER FLOW SYSTEME 3 4-3lef PUMP
R HgeR A& ¢stual doh

—t

322, 5 W 53

NO =4 & g EH
1| 38% =& LINE C-PVC 14 £ 17
2 | He Hi= LINE " 14| T 18
3| dHcl g3 FLOW " 14| T 19

3.23. Q& +3
- CPVC (SCH #80) ASTM CODE o] A A&

3.24. AF @ HARALY
1) =9 v 25 FLANGE TYPEC & gt}

)

2) PACKING PTFE COATING GASKET2. 2 3}t}.
)
)

3) BOLT, NUT+= SUS 3042 it}
4) g HL AANE Hgo] F&sto U-BOLTEZ

ki
Y
r
Iv)



5) €=/} BAHE Mo =5 GLASSWOOL 25T i@ Be @ 3
AupA e g st

6) PUMP| EY&F7 E72de &4 93} wiae g

7) M B = FLANGE TYPEe] EWiHE Alg-3ic),

8) ZE Bz €93 wi#®e OVER FLOW wj#& 3o}

9) 28 Rz 853 4#L PUMPE o]0 2 Ax 3ok

10) PUMP & 43 X5t DRAIN wj#g sto] MHE A
2] gt

11) CPVC ®j & H & CPVCEEE A}L-3it).

12) FAS) AFE HAgsly) 3ty FFISFE FA o #
I ZA AX g

13) Asjdnl =, DISMUT ®3, 9% @z wa& OVER
FLOW wj@-& &),

14) X Eo)] W& A Fgoz AEEY HRA B Y= o
F7F flojok girk

3.25. AFHA R AY

2) #4HAE

- &9 2= 0THAE AN 2441 EFAIA do F471 §

ofo} g,
- Hjmo] EEEAY Wl Rio| glojof Aok



3.3 7+EY 4 A

- 7171444, v % B2

3.31. 7/} 8
=8 AP AR gARE EF7A A8 TS AXA He
v FAvit &9 &x g #E st S HAA FEHE FAT)
Al dtejof gk ol FA ] weEl JE L£xr} QdE 31X
Rk wkg Al wd, wkgol) oty &Y Lxrt AF5EA He
Ax Utk 2HEE 719 F2 2 ¥ FA7) s
332 £§ 9 47
NO 59 ] ME |3 | MAKER |Hl
1 LR oleet
BRY =18 EX1000K 1
g2x4 93 1000x1000x1000  |SUS304| 1
2or e a9 1
AEIBIC 250Ax100L 14
S ES MS-22N 1
SIESP PN CPI-30 1
ols 350 1
dew3 400L 2
LINE STEAM b2+ 14
SE4 35 R 18]
2| WAHI =18
YA=SA WED| |40 AT, DA UM S 1
W g8 PUMP 5HP 2
s e 2500 x 1800 x 2100 1
CONTROL PANEL 1
Wi Hi2 AR 1
3.3.3. Z¢H 9
- 1Yy g WEeA Z day dandrztA JAEFF




334. A4E 4

1) 7vE4A
@ wjg : KSD 3557-85 SUS 304
@ FF A% (Y-2EHY, 7IFEE7], #A3d, EY)
@ B& : GLASS-WOOL 25T

2) YA
@ wj& : KSD 3557-85 SUS 304
® R.& : GLASS-WOOL 25T

34 =78 A

NO =9 73 JUES! HORE | =8 | =9

ZMN &3 AP A $200x610 | SUS 316L | PTFE | 1SET | & 23
T

= X+ ot $270x430 " " 1SET | & 24

HEEE =3 X7 & ¢250x610 | SUS 316L | PTFE | 1SET | & 25
CH = -

o

$250x430 " " 1SET | & 26

343. AA F4
- B3 : KSD 3705-85 SUS 316L

- COATING : PTFE 300 /m

3.4.4. A Z Ao
)& 4 AgE 2z



2) 7t ¥ EEE ZAEY9 FXo) gEE A
HEgHo g xA

3 & H: 8% F /¥ BE Agoz EW

wo
=
4) SAND : "4 Fol7] 95td UH Ay¥L SAND BLAST

A (# 180)
5) PTFE COATING A}
- WH BV BEo] gl=E AMy
A ;350 ~ 420C
Au} : #200 o)A}
COATING 314 : 5 ~ 63) (50 ~ 60un/ 5])
PTFE 29 £¢ A7 : &% 340 ~ 385C

35 Z1ZFAF 2 AX

351 /8
6.6me] XA L = Fteld B X Q% £ F x| T

TE A& st of

St Aol AAA] Fol7) 20m o] 4 Eojok Bl oE g0 glo]

ASFAPIT EALE St =g A L EF RO A0 &

A skl A =) 8} a1

AgAA FF 28 & EA 15E A3 d7] JFolnt

3.5.2. FAIE Y

NO =9 3 H&

4
o

Bl

1 PIT 12,000 x 15,000 x 8000 | &2, B32E

>

3.5.3. duta}g)

1) & A BEETA ATA] E3lv dinaigke

TAYAY o w2t

AARAY R

2) AEFA A5 do iR B AWALGS 2A st =R}

ol Al A& slofol stn] FEFALR Q3 A
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7h At FA] ¥ E 2t o] =AAIF
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= YRR
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317] Slstel v =9 Alahae] gEAlel Wel ¥ el o
LS
gAY 43 A AAAYAE AYste] o] 39T, =3
F AL FAey durdlel 2US FANY £4 F 5
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36 =9% 7

3.6.1. 7| &
Agte]l =g W3 9 =g B Adu) AAA 93 A4, Hu)
ARl E-dY, 24 =2 AAY, A L9, Ad £ A7 Az



e YAY FAS DA

3.6.2. ZAH Y

NO =9 A X & % | H2
1| PITE &8 12000x15000 | && X8 HIM | 14 | =X
2| PITE X6H1&E | 7500x15000 " 14 "
3 | PIT& Xgt2& | 7500x15000 B 14 "
4 | &= It 300x300x8250 " 14 "

3.6.3. A=A}k

1) PIT% A%
@ 374 : 12000 x 15000 (F= : = 33)

@ 2=
- 3 : 3 TON
- H-BEAM : 350 x 175 x 7 x 11
250 x 125 x 6 x 9
- 3} 12T x 4" x 8§

-t 2 R 2YEeE AF
© =7 AlEva 3.

2) PITE R 3%

@ ¥ : 7500 x 15000 (F=x : &= 34, = 36)

Q@ #H&E
- 7% : H-BEAM 350 x 175 x 7 x 11
- 72 : H-BEAM 250 x 125 x 6 x 9
-k " @ 6T x4 x §
-AY oA o 3T x4 x &

Q@ =7 AlFvzt & A

3) PITZ A 3)2%
@D A : 7500 x 15000 (F=Z : = 35, % 36)




@ A=
- 71% : H-BEAM 350 x 175 x 7 x 11
-7}2 : H-BEAM 250 x 125 x 6 x 9
-dkg oA #H 6T x4 x &
-AY A3 % 3T x4 x§

Q@ =& Algutzk & A

4) =5 7t
O 84 :300 x 300 x 8250 (F=Z : & 42)
® #EZ . H-BEAM
Q@ 1AW : 12 7F

3.64. AurA}ME}

1) 289
B ARNE FAFA 3 ATRAY AL, A9, 29,
AR, A4, NG Sol Heo

2) A FEAE =LA
AEAE Z48lr] Aol =W 2 ADAM File] A ZAMEE
ZHgstn s FQUL wolel Fn, olg Qldle HIFA R
H FE& FA] AFE FRA golol Ik AFTE AEESFE
Frgo g 280 F 1He £9 99 3 wradgojor 3, AR
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o FAE A 2EEE S e IEAY HALE ol 5
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3.65. A &2

1) dutatg)
7h AHEAgEe &E
FOEAN FAo
Ao Z 3o}

AAFRAY BEALA o 9% KSH

1)
=
&utET @ Ty Hol g8 we

U FaEY $F 2 AR7H

O =& ZA
KS D 3515 &3 24 4d7A

@ 1%4¥ EE(BOLT),HE(NUT) 2 94 (WASHER)
JIS G 1186 m} A A& 1Y 62t BE, 62 YE, 8 ¢
Mol HE
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JIS Z 3212 13¥ 78 1E otz §H%

2) AEAAF 2 Al S
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7 e AMEE AEAY $AL wol AEAYHS Ay

& Siek

v T AE ol ZA
TAF o199 AFEE F2 FRF) AT o
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o A 8 Al
O Al H3AREH JIS G 0303
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ANZAE g ]IS 2241
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@ ANBAIYL FEAIF 208 AP A s}
@ A AFUFe dHol g wuidh 34N e
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& £F0° JA=F Folsta PGyl
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3.71. /| L
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372 % B %

NO Y 3 S 1Ty

1 gre W& $120x6600x8T 10 EA

2 | RE NEE FLANGE $374 x 50T 10 SET 2EA/SET

3.73. A w4
- h¥HFH : STKM 13C
- ¥ F 2 134 FLANGE : S45C

3.74. A& ALY
1) 8 FH-39 @ PIPE- Fu] 2 712 : & 43 I
2) W5 HAHAE
3) FLANGE 7}% : & 43 #=

4) FLANGE 829 =5 A& & A : Ni-50 v|3 & o]4

38 AEE Al2H

3.81. /|8
£ CONTROL SYSTEME ¥4l =32 AAJ3l7] 48] HEATER,
PUMP, A&7, 7|8} HujAn)(HOIST, COMPRESSOR, Y%7,
®Y7 5) ¥ CONTROL SOL' V/V, SENSOR 5d] A9 F
R AE FHoR P

L
H

382 FH ¢ F%F

NO B 72 E CRML [ $3 (1

1 | 222121 Hoigt |850x1800x450| STEEL 2T [0t0I £21(32871)] 1

2 | HRI 2®et |600x1800x450 " " 1

3 | A MOiE  |700x1000x450] / 1

4 | OPERATION BOX| 600x600x300 " " !
CABLE TRAY 300x150 |B8HSE A 14!
CABLE DUCT 200x200 | v o A 14|




1) vl I3 Al

Z s|2e] A, FysE 7] AFSY Zod

O FFHY : 3¢ AC 440V 60Hz

@ SH3Z : 3¢ AC 440V 60HZ

® AojF=E : AC 220V 60HZ

@ SOLENOID V/V : AC 220V 60HZ

® PILOT LAMPS| 2 : LAMPE 220V AT7E A&

® Aojuh =% (FFZ)3)2 : AC 220V 60 HZ
) et FFAL Ws e - AC 40V = 10%



2) PARTH 23 A}oF

% STEEL v|®, B¢ & FuAE
NO = 2 CABLE  |43| w3
1 | BOILER ITON | VCT 8C x 85Q | 1
RS 40RT " 1
3 | 32 c3% 28 PUMP 15HP | VCT 4C x 85Q | 1
4 | o) otor 28 PUMP 75HP | VCT 4C x 5.55Q| 1
5 | DISMUT 28 PUMP p p 1
6 | Wa =& PUMP p , 1
7 | 3BY 62 01z PUMP p v 1
8 | B 4 PUMP ; y 1
9 |28 o ofs PP 3HP | VCT 4C x 8.55Q] 1
10 | X3t PIT 4% 0l& PUMP|  » p 1
11| ®6H X HOHS AC220 V?;;S%X 1 (oBBS
12 | ®ol o0F MOH , ) 1 P
13 | DISMUT HOIEE ] p : "
14 | & MolES ] ] i v
EEEECELEE p p 1 p
16 | a8t w2 MOAS ] ] 1 y
17 | HolsT 5TON CV 4C x 85Q | 1
18 | COMPRESSOR 10HP CV 4C x 85Q | 1
19 | DRY OVEN 30KW 1
20 | 2+3x 1OKW 1
21 | SPARE
22 | 2 5000Ax15V| EV 3C x 100SQ | 1
23 | » 10003’“ ™| evac x 100sQ] 1
o4 [ 5000AX15V | EV 3C x 100SQ | 1
25 | » 1000AX10V| EV 3C x 60SQ | 1
26 | DD S0HP | EV 6C x 225Q | 1
27 | 2% HaRI 1OHP CV 4C x 83Q | |
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