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1 #dER

AWRRAE A - FUBEERE R AT E LT
gk 5 gh o @ E v Type 304 7 454K 1T 5 B b o % A 2N bR
S VAL b

# (Shell) ASME SA240, Type 304/304L # 4% 4% (dual
certified)

% (Bottom) ASME SA240, Type 304/304L 7 4% 4% (dual
certified)

% 4+ Z (Closure Lid) ASME SA240/SA336, Type 304/304L 7 4% 4

%3+ + F % (Closure Lid Plug) ASTM A276, Type 304 # 4% 4

% 417k (Closure Ring) ASME SA479/SA240, Type 304/304L 7 4% 4k
(dual certified)

3t # (Port Covers) ASME SA240, Type 304/304L % 4% 4% (dual
certified)

OB E AL KRB R BN B QR KA E 3 SA240, Type 304 % 4545 o

AR B A g o O AR 1T 5 4% E (Basket) M o 3 8 HLiT 1S 0 1
# 7 4245 %F 7 (electroless nickel-coated) 12 3 1&g 4 chF i 4 |2 iy 0 I F POAR TR 1L

Sy Sl € Ry S A R R YR I - S Y e A

PR § Bl A T S

®E L F2 4 F (Basket ASME SA537, Class 1, & 4%
Supports, Plates and Gussets)

42> 4 (Fuel Tubes) ASME SA537, Class 1, & 4k

TR N R IR SRR A e iR ASME SA564 17-4PH 7 4% 4%
(Top/Bottom Connector Pin

Assembly)

gfg]';m 1>(Mounting Bolts ) ASME SA193, Grade B6 # 4% 4#%

® 3 w4z 4 (Neutron Absorber) 72 & B 248 & 1 F (Borated Metal
Matrix Composite), #24% & 4 (Borated

Aluminum Alloy), & Boral
o B SRS 1 2 4E 40 (Drive Pin)z HHL 75 F 4 % ASME SA479 7 4% 4w

s S C g ML p R
#.(Shell) ASTM A36 # 4
% J& (Pedestal Plate) ASTM A36 &t 4
75 ¥ ¥2 7% 45 (Base and Top Plates) =~ ASTM Ab37, Class 2, & 4
4% 5 (Reinforcing Bar) ASTM A615/A615M & 4
A 52 3 (Concrete) ASTM C150 Type Il & 3 jF -k ik
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3 B I

n 2 (Inner Shell) ASTM A588 % & £ 4%

¢k & (Outer Shell) ASTM A588 i« & 4 4%

& $% (Bottom Forging) ASTM A516, Grade 70/A350 Grade LF
214 & &5

% ¥%(Top Forging) ASTM A516, Grade 70/A350 Grade LF
2 M E £

fr B gh(Trunnions) ASTM A350, LF2 < & 4 4%

i #(Rails) ASTM A350, LF2 4 & 4 4

Bt j F* (Shield Doors) ASTM A350, LF2 % & & 4%

%3 7% (Retaining Ring) ASTM A588 i« & & 4%

i#2E 7% 1% 1> (Retaining Ring Bolt)  ASTM A193, Grade B8 &% 4> * 4

‘v B & fr#i.(Gamma Shield Brick) ASTM  B29 Lead-Chemical Copper
Grade

¥ 3 B jz(Neutron Shield) NS-4-FR

BAyL

%Han s MR 5 % 270 48k 7 4% 4k (austenitic stainless steel) o iz ¥ ASME
Code section 111, NB-2311 %= - i&af 44 & 7 i& (7 2L A & 14 (fracture toughness)ip]
e

A4 g 2 & 9 ASME Code SA537, Class 1 pitdw B = cgh 2yl = 5 &2 L 3%
Arie A o WHRLIE B4R 7 3 & ASME Code section [, NG-2300 3+ 44 4 674 i
PR R TR & Rjp NG-2320 & (7R)% o SR AP BEWP R ¥ D
L Bt RO AR e R A5 R (S B RIE i A ar (R 0 & ERARIE S o &
ASTM A370, 26.1 & 4 24| T8 & X i@ (acceptance values) % -40°C (-40°F) » %
B & 4 NG-2331 (a) ()& PR i f & (Lowest Service Temperature, (LST)) h&

A0 OR B4 & 14 (low-temperature facture toughness) e € - i # M &
ERa T 5 B R~ E R - p g 2 L E R R & (nil ductility
transition temperature) % -40°C (-40°F) - iz 4% Regulatory Guide 7.11 [1]sh& > # &
a@ﬁ%%wm%?m%i%%ﬁﬁﬁﬁﬁﬁﬂaﬁﬁ%,@?Ujgaﬁ@ﬁ
BRI E 22CHA0CF) R R T BEE R DR MFTRER AL AT BEEH
B M ek 1T % FE & (minimum ambient temperature) 3 -17.8°C (0°F) - pt i & if i*
FoEY R nd TARA S R 0 XD B A TR iR e et -

) oo
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2 RpEEE

Apk ABRRFALILAFHEINPRIEF S EHRE RS FERLF
(American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code) ~ % BP|:2 2 #52+ ¢ (American Society for Testing and Materials, ASTM)2
% R 482 1% ¢ (American Concrete Institute, ACI) 4p B 245 22 4538 o 5 % A4
TG EEREARA T O AR X E A R SRR R R ik
BB~ 8 a2 ) 38 345 (formulation specifications) e

HAT a2 AR B eng R R 0 75 0 & 3.11-8 477 ASME R4
38 p b s % &35 ASME Code, section 1, NB [3]& $ o 44828 2 g 7~ i 22 4p
B 4% Bt L o "$ 7 % 3.1.1-8 #t3] ASME *ﬁ,%"q’?u* 7Pk ikdp ASME Code,
section Ill, NG[4]eh& & -

B s T Ap M BB H R A5 B B bR Lk dh ASTM HR
Ben® R EIF e BEFERY 9 NS4AFR L% L RS e 347 %
L o

Bt adn Fﬁ?ifi;ﬁ:#g i crgR L 121:}}% ASTM 2% 8 * o 3R H 2 204
A) %% ACI 318 [2]& 4 » #2 ASTM Ap B 2L 2 i¢ * o
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3 PR

N lIE Rk Suhy A AL e R T 4 70 4 6.2.B.3-1 ¥4 6.2.B.3-16 -
PRk TR o 4r B Ard et EAp B R R 52 & 6.2.B.3-17 3| % 6.2.B.3-
28 ° % 6.2.B.3-17 7| % 6.2.B.3-28 ¥ % 71 * >t @ H o477 ¢ cnf B T b en
AL il g s B EE i 2 &P o F ) AT RE NG ARG
AATHCNY el R RS AT R - A e R BT R
ASME Boiler and Pressure Vessel Code, Section Il, Part D[5] e 4] 8 35/ o

RbTis Pt & £d B iR LT B p PNNL Geelhood £ Beyer shd4
RE[36] o ridox & ¥ 4B TR AT 400°C (T52°F) b ] iF il gt KR
B iT A 42 L £ E B R e % B (Modulus of Elasticity) 22 *% &k 3 & (yield

strength) » % % E = 72,191 MPa (10.47 x 10%psi) 22 Sy = 480 MPa (69,600 psi) °
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# 6.2.B.3-1 SA240, Type 304 7 &% 4%+ 48 #1275

ER & (F)

R (HE ) -40 | -20 | 70 | 200 | 300 | 400 | 500 | 650 | 800 | 900
&8 &, Sy (ksi) @ 75.0 | 75.0 | 75.0 | 71.0 | 66.2 | 64.0 | 63.4 | 63.4 | 62.8 | 60.8
" Rag &, Sy (ksi)a 30.0 | 30.0 | 30.0 | 25.0 | 22.4 | 20.7 | 19.4 | 18.0 | 16.9 | 16.2
B R
(Design Stress Intensity) 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 18.7 | 175 | 16.2 | 15.2 |14.6"
Sm(ksi)a
B 4 7% #c, E (x 106 psi)2 288 | 287|283 | 276 | 27.0 | 265 | 258 | 25.1 | 24.1 | 235
R i, o (<100 813|820 | 85 | 89 | 92 | 95 | 97 | 99 | 101 | 102
in/in/°F) &

p 2+t (Poisson'’s ratio) 2 0.31
% & (Ib/ind)c 0.29
® ASME Boiler and Pressure Vessel Code [5]
PR
¢ Metals Handbook Desk Edition [23]
6.2.B-6 10102



% 6.2.B.3-2 SA693/SA564, Type 630, 17-4 PH # 44k HHiL #8141

R RE(°F)
M (E =) -40 70 200 300 400 500 600 700
&t 5g &, Sy (ki) @ 135.0 | 135.0 | 135.0 | 135.0 | 131.2 | 128.6 | 126.7 | 123.8
¥ Rag &, Sy (ksi)a 1117 { 105.0 | 97.1 | 93.0 | 89.7 | 87.0 | 84.7 | 825
By R (S 450 | 45.0 | 45.0 | 45.0 | 43.7 | 429 | 422 | 413"
34 %, E (x 106 psi)a 294 | 285 | 278 | 27.2 | 26.6 | 26.1 | 255 | 249
FOE 9k 28, o (X108 infin/°F) a 5.9
oy @ 0.31
% & (Ibfind)c 0.29
% 6.2.B.3-3 A350,Grade LF2,Class1 4 & & & HH 8147
&R E(°F)
ME(H ) -40 70 200 | 300 | 400 | 500 | 700
& 5s &, Sy (ki) 70.0 | 70.0 { 70.0 { 70.0 | 70.0 | 70.0 | 70.0
"FRag &, Sy (ksi)a 36.0 | 36.0 | 33.0 | 31.8 | 30.8 | 29.3 | 258
E A4 &, Smiksi)a 233 | 233 | 220 | 21.2 | 205 | 196 | 17.2
4 % dc, E (x 106 psi) 2 29.7 | 29.2 | 285 | 28.0 | 274 | 27.0 | 253
FEE (28c, o (X106 infin/°F) @ 6.13 | 6.4 6.7 6.9 7.1 7.3 7.6
p e @ 0.31
% & (Ibfin3)c 0.284
® ASME Boiler and Pressure Vessel Code [5]
g
¢ Metals Handbook Desk Edition [23]
6.2.B-7 10102



% 6.2.B.3-4 SA516/A516, Grade 70 stdh H 48 H 1L T
B R (°F)
B (H ) 40 | 70 | 200 | 300 | 400 | 500 | 700
&' 258 2, Sy (ksi) 2 700 | 700 | 700 | 700 | 700 | 70.0 | 70.0
% ks &, Sy (ks @ 40.7 | 380 | 348 | 336 | 325 | 310 | 27.2
&3R4 5 &, Sm (ks 233 | 233 | 232 | 224 | 216 | 206 | 18.1
S {+ 14 i, E (x 106 psi) @ 208 | 293 | 286 | 28.1 | 275 | 271 | 253
#0984 e, o (x10° infin/°F) a 613 | 64 | 67 | 69 | 71 | 73 | 76
# 18 % 4 8 K, (Btu/hr-ft-°F) @ 274 | 275 | 276 | 272 | 267 | 259 | 24.0
RN 0.31
% & (Ibfin3) b 0.284
% 6.2.B.3-5 SA537, Class 1 st H il s 1L
B R (°F)

WA ) 40 | 70 | 200 | 300 | 400 | 500 | 700 | 800
$& 58 A, Sy (ksi) @ 700 | 700 | 700 | 69.1 | 684 | 684 | 68.4 | 65.4
% ka5 &, S, (Ksi)a 549 | 500 | 442 | 405 | 376 | 354 | 323 | 305
W4 5 R, Smksi)2 233 | 233 | 233 | 229 | 229 | 229 | 214 | 20.3¢
54+ 1% i, E (x 106 psi) @ 300 | 205 | 288 | 283 | 27.7 | 273 | 255 | 242
FOBE G, o (x106infinPR) 2| 61 | 64 | 67 | 69 | 71 | 73 | 76 | 78
0% e k BuhrftoR)a | 274 | 275 | 276 | 272 | 267 | 259 | 240 | 275
tp e @ 0.31
% A& (Ibfin3)b 0.284

® ASME Boiler and Pressure Vessel Code [5]
® Metals Handbook Desk Edition [23]
¢ Code Case N-707 [34]. Code Case N-707 & £ 2 v B iBER % - L ¥ HRT > 7 #
g 830914 mm (3ft) B & HiE RAL D 37T1C(T00°F) & grii— eni & f 3 A€ - d B L
A2 ihdo% fud £.70.5 kPa (36x0.284 & 10 psi) » 4 Bis B4 AR AT Lk £ B R EH
4k B EINOTAL N R AR AR 4 BT Lok eh s #7020 % & Code Case N-707 4. %_°

6.2.B-8
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# 6.2.B.3-6 A537, Class 2 st 48 14 48 # 12 5

B R E (°F)

R (HE ) -40 70 200 | 300 | 400 | 500 | 700

&3 K&, Sy (ksi) 2 800 | 80.0 | 80.0 | 789 | 782 | 781 | 78.1
" Rag &, Sy (ksi)a 60.0 | 60.0 | 53.0 | 48.6 | 451 | 424 | 38.7
K3 &, Smksi)2 26.7 | 26.7 | 26.7 | 26.7 | 26.7 | 26.7 | 24.3
34 % 8, E (x 106 psi) 2 300 | 295 | 288 | 283 | 27.7 | 271.3 | 255
FOE 9k 28, o (X108 infin/°F) a 6.1 6.4 59 6.3 6.6 6.9 74
% E %3, K, (Btu/hr-ft-°F) a 274 | 2715 | 2716 | 272 | 26.7 | 259 | 240
p il @ 0.31
% & (Ibfin3) b 0.284

® ASME Boiler and Pressure Vessel Code [5]

® Metals Handbook Desk Edition [23]
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# 6.2.B.3-7 SAG695, Type B, Grade 40 & SA696, Grade C s 4h 1 #8127

B R (°F)

B (H ) 40 | 70 | 200 | 300 | 400 | 500 | 700 | 800
1% B, Sy (ksi) 2 70.0 | 70.0 | 70.0 | 70.0 | 70.0 | 70.0 | 70.0 | 64.3
' tkag B, Sy (ksi)@ 40.0 | 40.0 | 36.6 | 354 | 34.2 | 32.6 | 28.6 | 26.8
W4 5 R, Sm(ksi) 2 233 | 233 | 233 [ 233 | 228 | 217 | 192 | -
S {+ 14 i, E (x 106 psi) @ 208 | 293 | 286 | 281 [ 275 | 27.1 | 253 | 24.0
#0984 e, o (x10° infin/°F) a 613 | 64 | 67 | 69 | 71 | 73 | 76 | 78
# 18 % 4 8 K, (Btu/hr-ft-°F) @ 274 | 275 | 276 | 272 | 267 | 259 | 240 | 275
fp i @ 0.31
% & (Ibfin3) b 0.284

# 6.2.B.3-8 A588, Type A &2 Badn |  H B L

®RE (F)

B ) 40 | 100 | 200 | 300 | 400 | 500 | 600 | 650 | 700
15155 B, Sy (ksi) @ 700 | 700 | 700 | 70.0 | 70.0 | 70.0 | 70.0 | 70.0 | 70.0
' ks 2, Sy (ki) @ 535 | 50.0 | 47.5 | 456 | 43.0 | 41.8 [ 39.9 | 38.9 | 379
W34 % R, Sm(ksi) @ 233233 [ 233 ] 233233233 [ 233 [ 233 233
312 % ¥, E (x 106 psi) @ 29.7 | 29.0 [ 285 | 28.0 | 274 | 27.0 | 264 | 259 | 253
FOBE flic, o (x209infin°F)2 | 613 | 65 | 67 | 69 | 71 | 73 | 74 | 75 | 76
N 0.31
% A& (Ibfin3) b 0.284

® ASME Boiler and Pressure Vessel Code [5]
® Metals Handbook Desk Edition [23]
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# 6.2.B.3-9 A36 sds MR B EILET

AR E (°F)
M (E =) -40 | 100 | 200 | 300 | 400 | 500 | 600 | 650 | 700
&L 5g &, Sy (ki) @ 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0 | 58.0
¥R R, Sy (ksi)a 36.0 | 36.0 | 33.0 | 31.8 | 30.8 | 293 | 27.6 | 26.7 | 25.8
F A4 &, Smiksi)? 193 | 193 | 193 | 193 | 193 | 193 | 184 | 178 | 17.3
B4 % i, E (x 106 psi)a 29.95| 293 | 288 | 283 | 27.7 | 27.3 | 26.7 | 26.1 | 255
Ok (2 8,00 (x106in/in/°F)2 | 6.13 | 6.5 6.7 6.9 7.1 7.3 74 | 715 | 76
fp it 2 0.31
% & (Ibfin3) b 0.284
% 6.2.B.3-10 SA193, Grade B6 & & £} iaéh AL {8 R ILF
£ R E(°F)
PE(H i) -40 -20 70 200 300 400 500 700
L 5g &, Sy (ksi) © 110.0 | 110.0 | 110.0 | 1049 | 1014 | 98.3 | 95.6 | 90.6
¥Rk R, Sy (ksi)© 850 | 8.0 | 8.0 | 811 | 784 | 76.0 | 73.9 | 70.0
3 &, Smksi)a 283 | 283 | 283 | 270 | 261 | 253 | 246 | 233
42 4 % &, Smom (Ksi) 2 212 | 212 | 212 | 212 | 212 | 212 | 212 | 212
4 1% 8, E (x 106 psi) 2 298 | 29.7 | 29.2 | 285 | 279 | 273 | 26.7 | 25.6
FOR Ik T #i, o (X106 infin/°F) 2 | 5.65¢ | 5.69¢ | 590 | 6.20 | 6.30 | 6.40 | 650 | 6.60
tp e @ 0.31
% & (Ib/in3) b 0.28
® ASME Boiler and Pressure Vessel Code [5]
® Metals Handbook Desk Edition [23]
CANEP A BALFE S (Su70°F) = Sueny
m70°F
Yl iE
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# 6.2.B.3-11 SB637, Grade NO7718 4% & £ iR 1246 #HR B LT

B R E (°F)

WA (E ) 40 | 70 | 200 | 300 | 400 | 500 | 700
55 A&, Sy (ksi) @ 185.0 | 185.0 | 177.6 | 173.5 | 170.6 | 168.7 | 165.8
"5 kap &, Sy (ksi) @ 150.0 | 150.0 | 144.0 | 140.7 | 138.3 | 136.8 | 134.4
W4 58 B, Sm(ksi)b 50.0 | 50.0 | 48.0 | 469 | 46.1 | 456 | 44.8
S84+ % #ic, E (x 106 psi) @ 29.6¢| 29.0 | 283 | 27.8 | 276 | 27.1 | 264
£U89E % i, o (x106 infin/°F) ¢ 70 | 71| 72| 73| 75 | 76 | 78
sl b 0.31
% B (Ibfin3)a 0.297

# 6.2.B.3-12 AG15, Grade 60 1 #+14 F

PR (H ) A615, Grade 60
&3 & (ksi) d 90.0
s ko B (ksi) ' 60.0
S 4 % 8, E (x 106 psi) d 29.88
FOBE (4 ¥, o (x 108in/in/°F) d 6.1
% & (Ibm/in3) e 0.284

Sriemp
m70°F
® ASME Boiler and Pressure Vessel Code [5]
CohiE B
¢ Metallic Materials Specification Handbook [6]
¢ Standard Handbook for Mechanical Engineers [13]
" Annual Book of ASTM Standards [25]

TAVMRP RS wARZE

(SU 70° F) = Sutemp

6.2.B-12

10102



# 6.2.B.3-13 Chemical Copper Grade Lead 144 # %+ 5

B R & (°F)
WA ) 40 | -20 | 70 | 200 | 300 | 600
"% k3 &, Sy (psi) 2 7000 | 680 | 640 | 490 | 380 | 200
S84+ % #ic, E (x 106 psi) © 2455 | 242 | 2.28 | 2.06 | 1.94 | 1.5
89K % i, o (x106 infin/°F) ¢ 1560 15.7 | 16.1 | 16.6 | 17.2 | 20.2
e d 0.4
% A& (Ibfin3) d 0.41

& Determination of the Mechanical Properties of High Purity Lead and a 0.05% Copper-Lead Alloy [26]
b

¢ NUREG/CR-0481 [27]

¢ Standard Handbook for Mechanical Engineers [13]
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3 6.2B.3-14 RES HABRILF
ER & (°F)

R (HE ) -40 70 100 200 300 400 500
FUR % R (psi) @ 40000p 4000 4000 4000 3800 3600 3400
3B 4 % 3, E (x 106 psi) 2 4.0p 3.72b 3.64 3.38 3.09 2.73 2.43
FOPE 28,00 (10 infin/°F)a | 5.5b 55 55 55 9.5 5.5 5.5
% & (Ibfft3)c 145
# 6.2.B.3-15 NS-4-FR it 8 B2
B A E (°F)
HE(H i) 86 158 212 302
F9E % #c (108 infin/°F) d 22.2 47.2 58.8 574
JB i P 2_ L4 1 i (ki) O 561
% & (Ibm/in3) d 0.0607
% 6.2B.3-16 ¢ F e BRIEF
A s (O
B i) IR
-320 | -112 | -18 | 75 | 212 | 300 | 400 | 500 [ 600 | 700
&L 58 &, Sy (ksi) e 250 (150|140 | 130|100 | 80 | 6.0 | 40 | 29 | 21
"# iR &, Sy (ksi)e 60 | 55 | 50 | 50 | 46 | 42 | 35 | 26 | 20 | 16
2inenie E§,%f 50 43 40 40 45 55 65 75 80 85
S 4, E (10%psi) | 112 | 105 | 103 | 100 | 96 | 92 | 87 | 8.1 Ngiz‘;"r‘]*e
A 6 in/i
"i)‘tf e, o, (07NN oo 1 103 L 112 | 122 | 130 | 133 | 136 | 139 | 142 | Nia
ot f 0.33
2 &, (Ib/ind)f 0.098
Boral Core 38+ i #, E (psi) 1000 (assumed)
KQ /J{*l\
Bor.al Core "% k353 &, Sy 10 (assumed)
(psi)
#Handbook of Concrete Engineering [8]
P iE
CHEE
4 NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]
*48 & £ 1100-O AL 15
" ASME Boiler and Pressure Vessel Code, Section I1, Part D [5]
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% 6.2B3-17 i F BAAMEY

BA E (F)
A (E 1) 20 70 100 | 300 | 500 | 700
¥ ® % % (Bhr-n°F) | 0.00101 | 0.00121 | 0.00128 | 0.00161 | 0.00193 | 0.00223
L+ %, (B/lbm-°F) 0241 | 02417 | 0240 | 0244 | 0247 | 0253
% A (<10° Ibfin?) 51 | 419 | 411 | 301 | 238 | 197
% 6.2B3-18 § F AP M LT
B R e (°F)b
R (E ) 80 260 240 800
@ % % 8 (Buhrin-F) 0.00751 0.00915 0.01068 0.01355
BRI (F)C
A (E 1) 260 200 600 800
% A (<10° b/in) 483 3.70 301 252
% (Bw/lbm-°F) 124
R E(°F)d
B (E ) [ 240300350 | 400 | 450 | 500 | 600 | 650 | 700 | 750 | 800 | 900
jf;nf) B (A0 N 100 | 109 | 201 | 243 | 263 | 283 | 320 | 332 | 350 | 364 | 382 | 414
% 6.2.8.3-10 -k chdip M LT
BRI (F)e
PR (H ) 70 200 300 400 500 600
# % & A #BuheinF) | 0020 | 0033 | 0033 | 0032 | 0029 | 0024
L+ %, (Bllbm-"F) 0.998 1.00 103 108 119 151
% A& (bmiin) 0036 | 0035 | 0033 | 0031 | 0028 | 002
BRE(F)
ﬁ‘_%\ﬁ'(ﬁ f:"_) 273 275 | 285 [ 295 | 305 [ 315 [ 325 | 335 | 345 | 355 | 365 | 375
b Tfﬁﬁi(xlos N-s/mz) 1750 | 1652 | 1225 | 959 | 769 | 631 | 528 | 453 | 389 | 343 | 306 | 274

2 Principles of Heat Transfer, Kreith & Bohn, Fifth Edition, Table 2 [15]
® Handbook of Thermal Conductivity of Liquids and Gases [18]

¢ Principles of Heat Transfer, Kreith, Fifth Edition [17]
¢ Introduction to Heat Transfer [22], Table A.4
¢ Principles of Heat Transfer, Second Edition [21], Table 3
" Introduction to Heat Transfer [22], Table A.6

6.2.B-15

10102



% 6.2.B.3-20 NS-4-FR #4p M H5

B &) Kb e
#1838 (Btu/hr-in-°F) 0.0311
% & (borated) (Iom/in3) 0.0589
% & (nonborated) (Ibm/in3) 0.0607
v £ (Btu/lbm-°F) 0.319

% 6.2.B.3-21 iRz HAPMILE

A E (F)

MR (H ) 100 200 300
# 18 % % 3 (Btu/hr-in-°F)P 0.091 0.089 0.086
vt 4 (Btu/lbm-°F) ¢ 0.20
{5 &+ 2 (Emissivity) © 0.90
¥z & (Absorptivity) d 0.60

® NS-4-FR Fire Resistant Neutron and/or Gamma Shielding Material [9]

® Handbook of Concrete Engineering [8], Figure 6-31, Curve 1
¢ Principles of Heat Transfer, Kreith and Bohn, Fifth Edition [15]
¢ Introduction to Heat Transfer [22]

6.2.B-16
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# 6.2.B.3-23 misn#Ap ML
B R E(°F)

W (E ) 40 | 100 | 200 | 400 | 500 | 700 | 800
. i 4 % % (Btu/hr-in-°F) 2 228 | 230 | 230 | 222 | 216 | 20 | 192
v 4 (Btu/lom-°F) b 0.113
15 o 5 ¢ 0.80
% & (Ib/in3) ¢ 0.284
# 6.2.B.3-24 Chemical Copper Grade Lead #:p i |
B A E (°F)
W (E ) 40 | 70 | 200 | 400 | 600 | 800
# 1 % % (Btu/hr-in-°F) e 1.767 | 1.707 | 1.636 | 1.526 | 1.131 | 0.309
» £ (Btu/lbm-°F) e 0.03 (68°F)
15 o 5 0.28 (75°F)
% A& (Ib/in3) e 0.411 (68°F)
# 6.2.B.3-25 SA240, Type 304/304L # & 4% % 4p B 125
£ R E(F)
W (H ) 40 | 100 | 200 | 400 | 550 | 750 | 800 | 900
19 3 % 4 (Buhr-in-°F)2 | 0.686 | 0.725 | 0.775 | 0.867 | 0925 | 1.0 | 1.017 | 1.058
s 44 (Btu/lom-°F) 0.10¢ | 0.116 | 0.12 | 0.127 | 0.131 | 0.136 | 0.136 | 0.138
15 5+ % oh 0.36 (300°F)
% & (Ibfin3) h 0.29 | 029 | 0.289 | 0.287 | 0.286 | 0.284 | 0.283 | 0.283

311 SA240 7 44k ¢ ¢ Type 304 22 304L % 7 o

Multidimensional Systems [16]

" Metals Handbook Desk Edition [23]

Nuclear Systems Materials Handbook [14]
Metallic Materials and Elements for Aerospace Vehicle Structures [7]

ASME Boiler and Pressure Vessel Code, Table TCD [5]
Principles of Heat Transfer, Kreith, Fifth Edition [15]
Standard Handbook for Mechanical Engineers [13]
Metallic Materials Specification Handbook [6]
TRUMP, A Computer Program for Transient and Steady State Temperature Distributions in

6.2.B-18
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% 6.2.B.3-26 4 &

ER & (°F)

EEEHAMET

M (H ) -402 392 572 752 932
#4 {4 % (Btu/hr-in-°F)p 0594 | 0.690 0.730 0.800 0.870
vt #4 (Btu/lbm-°F)b 0.067 0.072 0.074 | 0.076 0.079
5 5 5 O 0.75 (302°F)
% A& (Ibfind) 0.237
% 6.2.B.3-27 % (UOy) #u4p B 15
B R E (°F)
F(E ) -402 100 257 482 707 932
#4 (B % % ¥ (Btu/hr-in-°F)p 0.409 0.380 0.347 0.277 0.236 0.212
vt % (Btu/lom-°F)p 0.053 0.057 0.062 0.067 0.071 0.073
P 0.85 (1,340°F)
% & (Ibm/in3)c 0.396

# 6.2.B.3-28 44 du {2 EAp M ILF

B

e

Hats o

TR E

Rod Behavior [19]

o

[=%

Nuclear Power Plant Engineering [20]
Material Emissivity Properties: Electroless Nickel and Mild Steel [24]

6.2.B-19

0.2-0.32

Matpro-Version 11 A Handbook of Material Properties for Use in the Analysis of Light Water Reactor
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# 6.2.B.3-29 SA336, Type 304 # & 4p 41 L 7

BB E (°F)

A ) 40 | 100 | 200 | 300 | 400 | 500 | 600 | 650 | 700
255 &, Sy (Ksi) @ 700 | 70.0 | 66.3 | 61.8 | 59.7 | 59.2 | 59.2 | 59.2 | 59.2
'f k5 & S, (ksi)@ 300 | 30.0 | 25.0 | 224 | 20.7 | 19.4 | 184 | 18.0 | 176
w34 58 A, Sm(ksi) @ 20.0 | 20.0 | 200 | 20.0 | 186 | 175 | 16.6 | 16.2 | 15.8
SE14 4 #c, E (x 106 psi) @ 289 | 28.1 | 275 | 270 | 264 | 259 | 253 | 25.1 | 24.8
0K e, o (x106infin/°F)a | - | 86 | 89 | 92 | 95 | 97 | 98 | 99 | 100
fp o @ 0.31
% & (Ibfin3) b 0.291

# 6.2.B.3-30 SA479, Type 304 # & 4%+ H 5 145

B R E (°F)

P (E =) 40 | 100 | 200 | 300 | 400 | 500 | 750
"5 &, Sy (ksi) 2 75.0 | 75.0 | 710 | 66.2 | 640 | 634 | 63.3
" kg A, Sy (ksi)@ 300 | 300 | 250 | 224 | 207 | 194 | 17.2
w24 3 A, Sm(ksi) 2 20.0 | 200 | 20.0 | 200 | 186 | 175 | 155
SE.14 % B, E (x 106 psi) @ 288 | 283 | 276 | 270 | 265 | 258 | 24.4
FOEVE 8k, o (x109infin/°F)a | 84¢ | 85 | 89 | 9.2 95 | 9.7 | 100
tpfait @ 0.31
% & (Ibfin3) P 0.291

& ASME Boiler and Pressure Vessel Code [5]

® Metals Handbook Desk Edition [23]
¢ Extrapolated value
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4 BREVELE

*%#ikm]‘m&;l?%;4ﬂbﬁﬁ’fﬁﬁ %éiﬁrﬁglﬁa?"b%*g-_ﬁxg‘f‘r ﬁ ,L,m]:l_'ﬁ‘]
f—%i—‘i—#&lf ° l;"— F;DFI?A—- EIRE VA /? ,l,,;L‘ m;}.&_ _Q T\

PG FENPERE Y NEEER RS HERER C BAEERAR TR
% 1 & ASME Code, Section IX [29]4p Bf & f o 30 3H4p 7 2 2R3k 8 4 e
4Rl e R ¥ B ASME Code, Section Il &7 » 2 ¢ % 4+4% Fif * >* NB
St AR ERE T T NG P o o ? T h A R AR R R R R 5] 4
3.1.1-8 - W iTH4tén F Prenddsf i Ll AR B ¥ kB ASME Code, Section
Il Part C & # > AWS ER 308L £2 AWS E308LTX-X 4% 42 5 & ] i+ & ASME
Code, Section Il Part C, SFA 5.9 £2 SFA5.22 3L %_-

#2242 dadam o 2 (o am(liner) ~ 22 % 45 (baseplate))#? @i 2 g v d AR R H

ARR N BRERAEA AR AR R TREREL T &® ASME Section 1X

# ANSI/AWS DI.1 [28]48 B 2 7530 o R4 E sk ~ (F us B2k - B L B R

¥ #+ & ASME Code, Section VIII, Division 1, Part UW [31]2* ANSI/ANS D 1.1 4%

FRFEPAAM AT BE L OSBRI ERFEL KPP E ASME Code,
Section 11, NF [32] 4% #2235 2 Pl 4p B 2R 2o

Horg oA R A BRI TORBEPROE f 2 TR OER > FEL A

>

Z 2oL R T R oo
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5 i

*FE AT E P il (bolt) & 4o i (fastenen) ML ehAn B 1 Ik 6 #
PORARLRE R LT R R A -

WeAlik #9 SA-193 GrB6 # 4l kn & 0 B RL L g v F
3022 & 4 (gusset) ~ 1% i+ (rod) ~ L 354 (support plate) £ 4% 4% i* (weldment) sk &
ﬁ PReis 4 R E B B TR R PRI o AT R B R

Lohmee™ o fgrand i\‘ﬂ it gi‘ﬂ‘“ Pl AR RamER e At - F
PP BRI R 0 2R UK B B e

3

GAFPTRE Y R R E MR ] P AT i
WA 2 € % 4 4 4 & 4 (stress corrosion cracking)shr % o ¢ #1342 (lifting
bolts) i 2 £ i [ e B+ vt d *0qe fd BRI & T 51 e B %
TR e A BT

4% 3 47(weld post)d SA479 Type 304 # 444 Bl = » * 1087 F edgde 27 i3
17 (retainer) REST RS F N R o gR 4R 4TI So B REE R4 R 1A A
— oo gg (flared head) - B 2 Type 304 # 4 4% R 7 B %R L E PF Rz ¢ 3 ot
;Jf;' cAERAT LY TP REBHAT S FEFAP L T E o T

AP BN TR RR o BRe Yy Wy R MY &
“lﬂiiﬂ,ﬁé’ bR E o

m’%\' B ;“ 19 m? ;d’ﬁ? }?-}E ’Eﬁl’- .[[‘-"" ° ‘J’%ﬁ' Jﬂ"f‘ 4 m?ﬁ'i‘fﬁ? Fﬁji’_—ﬁi JE"7
WEE T R FEINR A F L chs Aug * ot & (hoist ring) & H 4 b 85
£ (fixture) srid = %3 TEHBRSNA ZHYIELE -

RERA T 5 BEF T D v e (screen)r - B E 0 A 35
FrERERE G S HBEL LR R TR E SRR -

@%%%ﬁ%?,é?—@%%&’*”Wﬁéﬁi%ﬂﬁ“ﬁ%?ﬁ@#
A R TR R ERE S S R RN PR T
B ) o SRR TP P R AR RS AR T ”@éﬁﬁ
PoAOKE BEERAE R A RER AL T g? o %k d ASTM A588
M EMUIT AR - B Aed SRR Al PRAT - 8 LT 28
X

F0 LA 2 AL e U S e AR (R Y BIR R SR B
178 (0°F) » 55 i PUHHE 5 7 42 F BN AR B RS R R T L
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6 %%

AR B R TRE L LR RSN K 2 AT
VIR B AR A B AT AL TP RS RS ¢ B iR S L S e Bz
BT BF o Tl B B R TR (T ¥ chg F R B(adverse interactions) 0 @ 515 3 ke 44
AL e T & i (adverse reactions) o © T & EELE B AT A kAL E AR A
3R o

1) &8

SRR E LR AN i SR EE PR R MR T AR B
TR R o (e AR A RN BB B B AR W 5 T
PR R R P § R DT AL

B MR R A R T BB R g o Rt TR YRR P R R R
BB AP Ep o G0 R MR RE P e R R A 0T o KA 0 $
Eridn % 5 % K- K & 7 44 (electroless nickel-coated) » 3% & T 445 % 4 kL
ai’ilf—i LA ik o R0 PR e A T R R R e AR Y R e R S A

TERTEEEETTVERBRGE A EEF FEP S R ROT R T o VAN R
19 %‘%%i,"ﬁ.'(root pass)f P4k (E > ¥ F RN P kG

PR E g T ek KR L8 95 ASTM B733 [30]4p 2R 0% (%
% F e R 8 VAR Bk (service condition)SC3 £ Alloy Type IV & V.2 > & 7
BERHRRIL - WHA S BRI ERYRRE T RRA SO BRE L R GFT
RSN 0 HRIEIR Y L R A MR H O s ek

—

¢

2 #w%k

f Bl afns B e b BEERRE A e 2 L
% % Carboline Carboguard® 890N ﬁ} e §_% % Keeler & Long KLE & 7|3k & i $ 5%
;R (epoxy enamel) o A AR Y T GRIREIRT 0 F it R R
i~ % % 1 (Service Level 1)_m'h%ﬁ’f i > iEe ’g‘ TTE R BT LS
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N

AR EEE T IR Y SR S F R FE e
I

B> ARG B ERT i B EGEEA > TS - B it p A KE R
B AT S g ] 0 Lk *%ﬁ&iﬁ%@&mﬁ%ﬁj%w
PRk K Bt w SRR K S Aok T > 3§ TR 4
BOEARIEY G A LR S E F o KRS RS g R R T e s
e R BEg AN o f&fﬁ@ Reg it 4% A (Nitronic 30 wear strips)® i
EEER B TR kTS 2

Ak R 5 P -

b BEERERED AR A B TR é%@ﬁ’ﬁiﬁﬁi%
DN IR TR IT o TR F R A B sk o B id ¥ 2 45 ¢k B (adapter)
ﬁ%%ﬁﬁ%aofﬂ&rﬁ&ﬁymmﬁ®w‘$ﬂmiw’ DR AR B

DTS i T AL A B R T S P R B A )
ERE A6 SR TR @'Eﬁﬁﬁ%%§°

MR ERapA w2 AR RARY R E R W IRE R § =5k (PPG
silicone enamel) 2 fo s J 4 o LR T 2 MR B ATRE T G A
4 l%?"’&ﬁﬁmlwlfii'ﬁ’mg %#,%ﬁﬁﬂﬁﬁéi?%‘}m&“fmsﬁ °

e

REPRZIERZ2 R TF Y 5P g Al(sealant) » * v RFE L P prg an

Rt Emda o
;%ﬁﬁaﬁ’mgﬁ%i%ﬁxaﬁwﬁww1»ﬁé’%u%%@w¢

BEVNFEFR T RTVFRIL - 5 EHh - A DR G 2 L DY

FororkpUdp ok RAeE AR FBRE LR -
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7 4:,5}.&"—3&,}?7}3‘;}4
G BIUENRES S NS-4-FRT%§\E%}‘§§+2‘%}¢io

(1) * & BEpHE

Gy L BEE Y AR b B SRR o 4040 8 B v i
(solid Chemical Copper grade lead brlcks) AT R s AL @‘} B ASTM B29
(Section 8.13.6) [33]*R LR i » = 3/ 7 g2 b > BTG B4 e Hp et
Frid o SRR B s 5k 3 g e ;“;Q;L , IHH GAM2 BRI FHELE FH D
HA o G MIe F BEL N R A e ﬁu: Koo TARI L R G B g
Bhre Bogrpact B ol BE e 3 prh‘q‘» o BiEE A B im Il o
F AP K TP o

BAH AR G2 4 A & et § STAUR T R GRS R D SR D AR
S RETRES S SR ES G RREERERALI L HEFES A LSITY 0 R
ESELR SR e Tl R P A

(2) *FEBEHE

/E ;}:ii ‘%ET‘:EI t’ ﬁjig gii c‘ :;- igé"j‘&ﬁ;fxl" QZ%\;#%?E)?E’J( é’f"]:@_ﬂ_é} LL ]/}]J ° Ej ~N G
lf?é? 7:1\ R+ }:‘?"H'#—' ’ ’\?’”}; 7‘3:,};‘& ﬁ#’hé%ﬁ(Gﬂ@ngth)mé F oo od Atinut
BRGNSV 2 R AR AR L SR T BT R R
R RE R RE 2 AT h? RS E R

B iEE 457 NS-4-FR ¢ 3 ;f_’j{"n‘ s} 4 206 chf BF At o NS-4-FR 4
NAC International 2 7 & §1ch7 £ 4 5> L & d 458 & A~ § &4 5t o

BB 3P4 FACE Y 3 fe NS-4-FR ® eni g B & A LTS § BT T
/ﬁ‘_—r“; I-g.}‘}i\ﬂﬁfﬂm]‘n)» ﬁ/ 4{1,.. F,rmeI%% \¥F mw——; F Imvxl’liéﬁ‘ﬂ_}- .
NS-4-FR ifie ¥ 3% 40 M Bl & 3P » ok cht K7 \%}3{3%—} Sl 42 B o YLEE
[ S o Al s g L DI ;}j x% R

NS-4-FR #F &3 4p§ eh? F 3 jesbic » B¢ e 2 WP A~ 5517 &
ERERTPORORT R Y % AR 16 & g T B IR G 4F #4501 NS-4-FR
HHE LWL A FERE NS 5 FJET o £ @_ﬂ 5_]%,;&4 © NS-4-FR %
B4 4T K Y 07 B AN B AT R E s

g £ e R P ) B9 NS-4-FR 44 &-40°F 7| 338°F i A& F i
ERVIamti o PR FBEBFIFENE RO FERFa] T FP > T
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VRS EH R LR ARREF e Y C TR T e gL o p
WS % BT 0 PR AR R RN ”v?‘]‘zf}.ﬁ?sﬁ R T 0 & NS-4-FR HL4
2 AA2ERT ERIEDDF M AT ERI IR R o TR T BT
S REF MR £ ﬁﬁf“*m%ﬂw? (TR A ks ) B %
s PRREDIRAT R B A F mfa o
NS-4-FR 41 & F e BYp-k T g SR B RIR SR BT > LG PR OHE S
g R AR A (R0 196)ehI g o L RIEY BF NS-A-FR DY 3 B jEi 4 A
5 % 5 50 £ 18 % ek 3t o NS-4-FR g SR & Bk % zET » &t 9 x 10M
niem? SR E 5T 0 A g A BB S E FATA o SRR FATER AR P
B Fprs 50 & HHE(GEE 5 17 x 10% nlem® ) o #rrfg bbn A § S
NS-4-FR H}#Leny it &35 b o
d o @i ? O NSA-FR LR P idii I BB AR £ 25 S
LA N A R BT R R AR O N ALE BT
oo ¥ 0 NS-4-FR #1383 ¢ G040 B jr s @3 4 b 3R chlp ok R8¢

TP

o
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8 ¢ It Rt

PIafet B e Ak FuEk g By FEH B G B AR TH
G A AR AR R I E MERAVY R RS BEER Y
PR KT BN R LR T T RS ﬁ%#@om%&i
BEARD e LR AP g i i e i 8
B T e GiHa Lo ¥ Faed (Rhix )aﬁ W& f éﬁﬁf
o[ A E E MR N A R E g R E £ o 5T G Y F it
*’@+ﬁwﬂﬂﬁﬁﬁﬁﬁﬁéﬁﬁﬁiﬁgﬁéﬁ ) HEF S T
B g RS AN EY I REERE S T - & AN E Y S
Bofede g F v P R BWRRE S BE L TeEL 2 - mE g
A g & H#(MMC) %2 Boral ©

S ek B TR Y ok E R

B RIEE - WP I HREELE R EEHRETS
P U BRI FETIFERY o

AR R PRl R R RN FEOER > AT A
W SR R -

K H- BRI RS f RS B A
FREOFE R F ¥ L RS LR
- Wgeh= o F)s? ey hitehf 4o

P EPHRmTE - REDLAHFI 5 - &KEDE S
B o

R L B4k AP 3 A oAz £ (epithermal) ¢ 5 e e

£ 6 oz fa(nuclide) -

S L R REF & HFEHMPEE B ke
RS

3T S E R B E SRS AT NER A TFRP
FEM T e 5d - kSR R
Bl BXERO? T HRESFSEFE LR R
Boo i PIRERATH chgo s h? F L %Te 5 6.45

cm? (1 in?)
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ARG PRERFPAEORS SV IR EE RS

& % Akt e B g EARY 0 ¢ T R R R
Hchfldpe o
? ﬁ__{,— ﬁm d %I‘]\:' IP'J pé‘ = 'ﬁ '\:"L ’hl ‘}'_ 4-'@ *3— T

;V
.E
F
Al AL 0 BRI G R R e
g 4

RAPFTF AP IS KR AR EY R ORE o ¢ I F
Pt @ G 2 Bla NO. 630075-072-0 - #4345 £ hdF & A (s 7 A24F 6 & »
P& At aE & HA(MMC)2 Boral) » iofa 7 * ity 5487 e ARk B
ARPETLET HHA P T Fla ke Bl A0 SRR
kT2 ZEM R T O ETEERELRTSNY T3t o ¢ TR HE

RIS

o i # s BE|Foxa %A S 002g/cm’;

o FILFRLIIDg A

o B| iR EE 1100 i 7148 & & 371C(700°F)pF chisg B - 14 B 3 3%
HAj, k2

2%

o FOTBBELFANRE RGO Pl (542 8

¢ 3 ajcd OB Boo) 5Bl e o Bodoatdhilang safoi 4 0 AR
IR A 1753 Boral B ¥ B 75% i ek 0 ARLE LS £ g AR £ R
T Q0% ki o Bk Y F et b OB g R R hY 3 T EF R
ERIEN S R
% 62B81 AWM L 57 b ¥ F s fcd BH A F b | 3 0% B o %
Ew%@ﬁmB”ﬁ@ﬁﬂ%%ﬁ°é*%%ﬁﬁﬁﬂﬂiﬁﬁ%&ﬂ%%’
WA HEA R E MR REFHAE I E R TEYEEEREF BRT
Flo MBS ZPIEED LY et IFY Y R E G BAEAREE Hﬂimp
o E B A o PR LS E b hd S el RS R A M Rle 0 SR
# No0.630075-091-0 -

Bole? + A RS d IR Sie b i apgﬂ#ﬂ%‘rﬁff}m?#{- fo F Ae ik PR
PR G B2 2~ BT & (flatness) ~ B E & (straightness) ~ # i@ E R - 45
PRERETR)EE G B mﬁgﬁ'ﬁ*—? SN S SRR Y i el
GAphd 1 FARE P TR 5 R A
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e ﬁﬁﬂ* P FERE P ek R A RASRBEE T > SHE L
7 2% 3 # g e (Qualification) 5 FR B 1E 2 3P S »],:Hjummﬂbtsﬁw
Jr)’;(valldatlon specifications) T % % S5 '4F A> ¢ 7 ERFRF @i v~ & ¥ R

AN IE T B R A

¢ 3

11

fcd R PRICRIBERM TS 5 R A L AR HAE B & R
Feo @ ZBRPIFRHTZE A FaFEEG M Jg&ﬁm]ﬁ_%ﬁ HEBEY S 45 ,xclﬁﬂ)i
B oo

®

S0 UFI i ¢ 8 e NAC International = 7 e i3t 3 o
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% 62B8-1 ¢ 3xifc BiE | By

+ e BlisaffRA | AL x| AdEE o fiD

v 3 V)g“l(;}'ﬂ . 710 2 — - ¢10 2

£ &(7Bglcm?) A A% B & F(7Bg/lcm?)
FiE L & 0.02 90 0.022

FEERAE & HF
MMC 0.02 90 0.022
Boral 0.02 75 0.027
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0 R B

e

Ruxt A0 dr 28 X (52 5 4,000 psi FUR g K et F R I 5LkiE 0 F
£ B TR g 5L JE 5 ) A ek BRGRD B o R R E RIRRD 1§
(ACI) "Building Code Requirements for Structural Concrete” (ACI 318) [2] % iF -

RE v bl AR T R EF Bk A TP AT
PAUAPTERET RS R EFARP DY kP C H
BRI VUL ERP R G DR ER -

R E D adw 5 5 ASTM A615/A615M, Grade 60 » 3% 35 P b 55 Bt iR
A ERTTATE > AT FEER oS R MR EDL SR

ERERIN - L N-Ce N L SR A I T A m@g}g A9 4 85 e ¥ kB ACI
318 7 35 iF o
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10 CERTEF

3 A SRR EEE T o s AR RS R RSB AR
g$ﬂ§ﬁw\>ﬂ§ﬁ@ga,wF@%*o%p%W“ﬂ%ﬁﬂﬁ
FApF o A2 ¥ BV ERNE RIS R RHREFF D
PR TR T RRETEMRRER P RE  RHBFORE
Mo MR SRR R M R ERT R ES BT AEES B AT
e kPR |SG-15[15]*\FL§7;3@fT °

R ERMT O ED R I FE YRR DRAP M ML R g e

Am FAEd o d MR BADE Br b TG RS BT

4
F £
Fa PP RERY TR E T 2R AR DY o

R

v

pEd

~

(1) ~EFITHRB

A GO IMPHARE S BEITERS L BB F P 2R K
BT R S 2 PR FR 2§f’@“”&$€§ﬁwwﬁﬁﬁ
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Nonelectrolytic Nickel Plating

THREE METHODS may be employed
for depositing nickel coatings without
the use of electric current:

1 Immersion plating
2 Chemical reduction of nickelous oxide at

1600 to 2000 F

3 Autocatalytic chemical reduction of nickel
salts by hypophosphite anions in an aque-
ous bath at 190 to 205 F (“electroless”
nickel plating).

All three methods are, under certain
limited conditions, useful substitutes for
nickel electroplating; they are particu-
larly useful in applications in which
electroplating is impracticable or im-
possible because of cost or technical
difficuities. Of the three methods,
electroless nickel plating is in widest
use, and is the method to which the
most attention is devoted in this article.

Immersion Plating

The composition and operating con-
ditions of an aqueous immersion plating
bath are as follows:

oz per gal
o3 per gal
P . 351045
TEMPErBtUIG «..cocscsssavsasre 160 P

When using this bath, it is desirable, but
not mandatory, to move the work at a rate
of about 16 {t per min.

This solution is capable of depositing
a very thin (about 0.025 mil) and uni-
form coating of nickel on steel in
periods of up to 30 min. The coating
is porous and possesses only moderate
adhesion, but these conditions can be
improved by heating the coated part at
1200 F for 45 min in a nonoxidizing
atmosphere. (Higher temperatures will
promote diffusion of the coating.)

High -Temperature
Chemical-Reduction Coating

By the reduction of a mixture of
nickelous oxide and dibasic ammonium
phosphate in hydrogen or other reduc-
ing atmosphere at 1600 to 2000 F, a
nickel coating can be deposited without
the use of electric current. This method
(U. S. Patent 2,633,631) consists of ap-
plying a slurry of the two chemicals to
all or selected surfaces of the work-
plece, drying the slurry in air, and
performing the chemical reduction at
elevated temperature. No special tanks

* Ses page 432 for committes list.

or other plating facilitles are required.
Some diffusion of nickel and phos-
phorus into the basis metal occurs at
elevated temperature; when the coating
is applied to steel, it will consist of
nickel, iron, and about 3% phosphorus.
The slurry may be used for brazing.

Efectroless Nickel Plating

The electroless nickel plating process
employs a chemical reducing agent
(sodfum hypophosphite) to reduce a
nickel salt (such as nickel chloride) in
hot aqueous solution and to deposit
nickel on a catalytic surface. The de-
posit obtained from an electroless nickel
solution is an alloy contalning from 4
to 12% phosphorus and is quite hard.
(As indicated later in this article, the
hardness of the as-plated deposit can
be increased by heat treatment.) Be-
cause the deposit is not dependent on
current distribution, it is uniform in
thickness, regardless of the shape or
size of the plated surface.

Electroless nickel deposits may be ap-
plied to provide the basis metal with
resistance to corrosion or wear, or for
the buildup of worn areas. Typical ap-
plications of electroless nickel for these
purposes are given in Table 1, which
also indicates plate thicknesses and
postplating heat treatments.

Surface Cleaning. In general, the
methods employed for cleaning and
preparing metal surfaces for electroless
nicke! plating are the same as those
used for conventional electroplating.
Heavy oxides are removed mechanically,
and oils and grease are removed by
vapor degreasing. A typical precleaning
cycle might consist of alkaline cleaning
(elther agitated soak or anodic) and
acid pickling, both followed by water
rinsing.

Prior to electroless plating, the sur-
faces of all stainless steel parts must
be chemically activated In order to ob-
taln satisfactory adhesion of the plate.
One activating treatment consists of
immersing the work for about 3 min in
a hot (200 F) solution containing equal
volumes of water and concentrated sul-
furic acid. Another treatment consists
of immersing the work for 2 to 3 min
in the following solution at 160 F:

Sulfuric acid (66° Bé) ..... % by volume

Hydrochioric acid (18° Bé).. 5% by volume

Perric chloride hexahydrate.. 0.53 o3 per gal
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Pretreatments that are unique to
electroless nickel plating include:
1 A strike to
ke .t‘:&pper plate must be applied

of or con lead, tin,
cadmium or zine, m‘mun adequate

ture to avoid delay in the d
g:nnum from the hot electroleﬂnm.
Bath Characteristics. A simplified
equation that describes the formation

of electroless nickel deposits is:

NISO, + NaRPO, + K0 mrya
N1 4 NaH,PO, + H,80,

The essential requirements for any
electroless nickel solutfon are:

1 A salt to supply the nickel

2 A hypophosphite salt to provide chemical

juction

3 Water

4 A complexing agent

5 A buffer to control pH

6 Heat

7 A catalytic surface to be plsted.

Detailed discussions of the chemical
characteristics of electroless baths, and
of the critical concentration limits of
the various reactants, can be found in
several of the references listed at the
end of this article.

Both alkaline (pH, 7.5 to 10) and
acid (pH, 45 to 6) electroless nickel
baths are used in industrial production.
Although the acid baths are easier to
maintain and are more widely used, the
alkaline baths are reported to have
greater compatibility with sensitive
substrates (such as magnesium, silicon
and aluminum).

Catalysis. Nlickel and hypophosphite
ions can exist together in a dilute solu-
tion without interaction, but will react
on a catalytic surface to form a de-
posit. Furthermore, the surface of the
deposit 1s also catalytic to the reaction,
so that the catalytic process continues
until any reasonable plate thickness ia
applied. This autocatalytic effect is the
principle upon which all electroless
nickel solutions are based.

Metals that catalyze the plating re-
action are members of group VII In
the periodic table, which group includes
nickel, cobalt and palladium. A deposit
will begin to form on surfaces of these
metals by simple contact with the
solution. Other metals, such as alumi-
num or low-alloy steel, first form an
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Table 1. Typical Applications

NONELECTROLYTIC NICKEL PLATING

of Electroléss Nickel Plating

Part and basis metal

Tyglul Postplating
plate thickness.
mils treatment(a)

Plate Applied for Corrosion Resistance

Valve body, cast iron
Printing rolls, cast iron
Electronic chassis, 1010 steel ....
Rallroad tank cars, 1020 steel ...
Reactor vessels, 1020 steel
Pressure vessel, 4130 steel
Tubular shaft, 4340 steel

Centrifugal pump, steel
Plastic extrusion dies, steel
Printing-press bed, steel
Valve inserts, steel ..............
Hydraulic pistons, 4340 steel
Screws, 410 stainless ................
Stator and rotor blades, 410 stainless .
Spray nozzles, brass

.............. 5.0 None
1.0 None
10 None
3.5 lhrat 1150 F
4.0 1hratilsoF
15 Jhrat350F
.............. 15 3hrat3?5 F
.............. 1.0 2hrat400F
2.0 2hrat375F
1.0 None
035 2hrat 1150 F
1.0 1hrat750 F
0.2

None
1hrat 750 F
None

°
om
b1
2
°

Plate Applied for Buildup of Worn Areas

Carburized gear (bearing journal) .......
Splined shaft (ID spline), 16-25-8 stainless
Cc ing arm (d l-pin holes), type 410

Shrat37” F
1hrat750F
1hrat750F

08010
08
5.0

(s) Heat treatments above 450 ¥ should be carried out In an tnert or reducing atmosphere.

immersion deposit of nickel on their
surfaces, which then catalyzes the re-
action; still others, such as copper,
require a galvanic nickel deposit in
order to be plated. Such a galvanic
nickel deposit can be formed by the
plating solution itself, {f the copper is
in contact with steel or aluminum.

Plastics, glass, ceramics and other
nonmetallics also can be plated, if their
surfaces can be made catalytic. This
usually is done by the application of
traces of a strongly catalytic metal to
the nonmetallic surface by chemical or
mechanical means.

There is, however, a group of metals
that not only do not display any cata-
lytic action, but also interfere with alil
Table 2.

Alkaline Electroless Nickel Baths

Dath
3

Conastituent or

Bath Dath
condition 1 H

Composition, Grams per Liter

Nickel chloride 30 45 30
Sodium hypophosphite 10 11 10
Ammonfumn chloride.. 50 50 50
Sodium citrate 100

Ammonium citrate .. 65

Ammonium hydroxldé w‘ﬁﬂ to. pH to pH
Operating Conditions
................. 8t010 85t010 8to10
Temperature, F ...... 198to 195to 195to
Plating rate (approx), 208 208 208
er hr ........ 03 0.4 03

Table 3. Acid Electroless

plating activity. The salts of these
metals, if dissoived in a solution even
in comparatively small amounts, are
poisons and stop the plating reaction
on all metals, thus necessitating the
discarding of the solution and the
formulation of a new one. Examples of
these anticatalysts are Pb, Sn, Zn, Cd,
Sb, As and Mo.

Paradoxically, the dellberate intro-
duction of extremely minute traces of
poisons has been practiced by a number
of users of electroless nickel, with the
intent of stabilizing the solution. Being
an inherently metastable mixture, elec-
troless nickel solutions are likely to

decompose spontaneously, with the
nickel and hypophosphite reacting on
trace amounts of solid Impurities

present in any plating bath. In order to
minimize this problem, a poisoning ele-
ment is added in trace concentrations
of parts per million (or per trilllon) to
the original make-up of the solution.
The poison is adsorbed on the solid
impurities in quantities large enough
to destroy their catalytic nature. This
selective adsorption on catalytic centers
decreases the concentration of the cata-
lytic poison to a level below the critical
threshold, so that normal deposition of
nickel is not impeded, although the rate
of deposition {s somewhat reduced.
The deliberate tntroduction of catalytic
poisons for the purpose of stabilization

Nlickel Plating Baths(a)

is covered by several patents, including
U. S. Patents 2,762,723 and 2,847,327,
Alkaline Baths. Most alkaline baths
in commercial use today are based on
the original formuiations developed by
Brenner and Riddell. They contain a
nickel salt, sodium hypophosphite, am-
monium hydroxide, and an ammonium
salt; they may also contain sodium
citrate or ammonium citrate. The am-
monium salt serves to complex the
nickel and buffer the solution. Ammo-
nium hydroxide is used to maintain the
PH between 7.5 and 10. Table 2 gives
the compositions and operating condi-
tions of three alkaline electroless baths.
At the operating temperatures of
these baths (about 200 F), ammonia
losses are considerable. Thorough ven-
tilation and frequent adjustment of pH
are required. The alkaline solutions are
inherently unstable and are particu-
larly sensitive to the poisoning effects
of anticatalysts such as lead, tin, zine,
cadmium, antimony, arsenic and molyb-
denum — even when these elements are
present in only trace quantities. How-
ever, when depletion occurs, these solu-
tions undergo a definite color change
from blue to green, indicating the need
for addition of ammonijum hydroxide.
Acid baths are more widely used in
commercial installations than aikaline
baths. Essentially, acid baths contain a
nickel salt, a hypophosphite sait, and
a buffer; some solutions also contain a
chelating agent. Frequently, wetting
agents and stabilizers also are added.
These baths are more stable than
alkaline solutions, are easier to control,
and usually provide a higher plating
rate. - Except for the evaporation of
water, there is no loss of chemicals
when acid baths are heated to their
operating range. Table 3 gives the
compositions and operating conditions
of several acid electroless baths.
Solution Control. In order to assure
optimum resuits and consistent plating
rates, the composition of the plating
solution should be kept relatively con-
stant; this requires periodic analyses
for the determination of pH, nickel
content, and phosphite and hypophos-
phite concentrations. The rate at which
these analyses should be made depends
on the quantity of work being plated
and the volume and type of solution
being used. The following methods
have been employed:

pH— dard 1ic
Nickel — Any one of the colorimetric, gravi-
metri ds is 1

c or 1c
tory; the cyanide method is probably the
most popular.

Phosphite — A 10-ml sample of the rhun
solution is combined with 20 ml of & §

lutd { bicarbonate and cooled

o!

fce bath. Next, 50 ml! of 0.IN
added and the flask
mixture is stoppered and
hr at room
Then the flask is cooled
for 15 min in ice water, after which it is
unstoppered, the mixture is acidified with
acetic acid, and the excess jodine 1is
titrated with 0.1N sodium thiosulfate,
with starch as an indicator. Determina-

net ml of 0.1N lodine X 6.3

Coastituent or Bath Bath Bath Bath Bath Bath

condition 4 5 [} 7 1] 1]

Composition, Grams per Liter in an
Nickel chloride ............. 0 .. .. 30 .. 30 lodine olutlon 1s
Nickel sulfate .............. .. 21 20 U 13 .. mm‘i‘ o eana for 2
Sodium hypo 10 24 7 10 14 12 Do ature
Sodium aceta .. .. . .. 13 . perature.
Sodium hydroxyacetate 50 .. .o 10 ve ..
Sodium succinate ...... . .. 16 . . .
Lactic acid (80%) ... 34ml . . ..
Proplonic acid (100%) ...... 22ml . 10
Operating Conditions tion ts then made as follows:
......................... (o8 43to48 45t055 408 5006 45t055 NaH,PO, per liter =
Temperature, F ............. 190 to 210 203 200 to 310 190to 210 190to 210 190to 210
Plating rate (approx),
T Ar L.iiieeiiiialn 05 1.0 1.0 0.4 0.7 (X ]

(8) Baths 4 and 7 are coversd by U. S. Pstent 2.532.283 (a public patent

to th

mi of plating solution

')
Bureau of Standards); bath 3, by U. S. Patents 2.822.203 and 2.822,294, and bath 8 by U. S. Patents

2,658,841 and 2,658,842,

6.2B-44

hit,

ypoph (U. S. Patent 2.697.651) —
A 35-mi sample of the plating solution is
diluted to 1 lter. A 5-ml aliquot of the
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Regeneration

T
A

!

Fig. 1. Schematic of continuous-type sys-
tem for electroless nickel plating. See text.

Plating
tonk

dilution is combined with 10 ml of a 10%
solution of ammonium molybdate and 10
ml of fresh 6% sulturous acid. The
sampls is covered and heated to bolling,
and a deep blue color develops. The
sample is cooled and diluted to 100 ml,
and transmittance st a wave length of
440 microns is determined. The calibra-
Hum curve on{ semilog paper is l{nn.r. s
v ' 1 " —A 5
ml sample of the plating solution is
in a beaker with 5 ml of methyl
orange solution made up of 1 gram of
methyl orange in 1 liter of water. In
another beaker is plsced 15 ml of an acid
solution made up by (a) dissolving 40
grams of sodium metabisulfate in 200 mi
of water, (b) slowly adding the sodium
metabisulfate to a cold
of 83 ml of sulfuric acid in 650 ml of
water, and then (c) diluting this mixture
with water to 1 liter. When the acid
solution and the solution containing the
sample and methyl orange reach s tem-
perature of 77 P in a thermostat, the two
solutions are mixed. The time between
mixing and the disappearance of the red
color 1is reeol;:ed. The hn:ophoapmte
a f o!
and is read from a concentration-time
curve made from known standards.

Equipment Requirements. The pre-
cleaning and post-treating equipment
tor an electroless nickel line is com-
parable to that employed in conven-
tional electrodeposition. The plating
tank itself, however, is unique.

The preferred plating tank for batch
operations is constructed of stainless
steel or aluminum and is lined with a
coating of an inert material, such as
tetrafluoroethylene or a phenolic-base
organic. The size and shape of the
tank are usually dictated by the parts
to be plated, but the surface area of the
plating solution should not be so large
that excessive heat loss occurs as a
resuit of evaporation.

A large heat-transfer area and a low
temperature gradient are necessary be-
tween the heating medium and the
plating solution. This combination pro-
vides for a reasonable heat-up time
without local hot spots that could de-
compose the solution. It is accepted
practice to surround the plating tank
with a hot-water jacket or to immerse
it tn a tank containing hot water.
Heating jackets using low-pressure
steam also have been used successfully.
The use of immersed steam coils is not
favored, however, because it entails the
sacrifice of a large amount of working
ares in the tank.

Accessory equipment required or
recommended for the tank includes:

1 An accurate temperature controller

2 A fllter to remove any suspended solids

3 A pH meter

4 An agitator to prevent gas streaking

5 On small tanks, a cover, to minimize heat

[}

loss and exclude foreign particles.

On large tanks, a separate small tank to
dissolve and flter additives bdefore they
are put into the plating tank.

NoONELECTROLYTIC NICKEL PLATING

Considerably more equipment is re-
quired for a continuous-type system,
such as that shown in Fig. 1. The bath
is prepared and stored in a separate
tank and flows through a heater (which
raises its temperature to 205 F) into
the plating tank. From the plating
tank, the solution is pumped through
a cooler, which decreases its tempera-
ture to 175 F or below, and then to an
agitated regeneration tank, where re-
agents are added in controlled amounts
to restore the solution to its original
composition. The solution is then
directed past a vertical underflow baffle
and out of the regeneration tank to a
filter, and then returned to storage.

In externally heated continuous-type
systems such as the one shown in Fig.
1, the plating tank and other com-
ponents of the system that come in
contact with the plating solution are
constructed of type 304 stainless steel
and are not lined or coated; these com-
ponents are periodically deactivated by
chemical treatment. Details of this
type of system are covered by several
patents, Including U. S. Patents
2,941,902; 2,658,839 and 2,874,073.

Properties of the Deposit. Electroless
nickel is a hard, lamellar, brittle, uni-
form deposit. As plated, the hardness

1200 T T
Electroless

pan N nickel

1000 74 \

800 /ﬂ \\
Q 200 400 600 80O 1000 1200

Precipitation temperoture (ihr), £

Effect of temperature of 1-hr precipitation
heat

600

Dph ol room 1emperciure

400

on room:

of a typical electroless nickel depoait (Eberbach
tester, 100-gram load). Above 430 F, heat treat-
ment was in an inert stmosphere.

Fig. 2. Heat treatment of coating

varies over a considerable range (425
to 575 dph), depending primarily on
phosphorus content, which ranges from
4 to 12%. This hardness can be in-
creased by a precipitation heat treat-
ment. As indicated in Fig. 2, which
shows temperature-hardness relation-
ships for a typical deposit, by heating
at 750 F for % to 1 hr, hardness can be
increased to about 1000 dph.

The corrosion resistance of electroless
nickel deposits is superior to that of
electrodeposited nickel of comparable
thickness, but this superiority varies
with exposure condjtions. Outdoor ex-
posure and salt spray corrosion data
indicate that about 25% more resist-
ance is given a steel panel by electroless
nickel than by electrolytic.

445

Table 5. Costs for Electroless Nickel Plating
(Example 2) (a)

Cost factor Cost per year(d)
Original investment ......... $18,000
Fixed costs:
Depreciation (10 years) ........... $ 1,800
45

Total COSt Per NP ....eccvcvvrcnnnnns $9.48
Total cost per sq ft coated to ! mil... $1.00

(8) Exclusive of costs for: overhead and ad-
racking, and
(d)

and p

Based on deposition of I mil on 0.1-aq-ft parts
At rate of 0.8 mil per hr (cspacity: 117 pleces,
or 9.4 sq-ft/mil, per hr), on s schedule of 10
nr per day, 20 days per month, 2400 hr per year.

Some of the physical properties of
electroless nickel are listed in Table 4.

Advantages and Limitations. Some
advantages of electroless nickel are:

1 Good resistance to corrosion and wear
2 Excellent uniformity

3 Solderability and brazabtlity

4 Good oxidation resistance.

Limijtations of electroless nickel are:

3 Poor welding characteristics
4 Lead, tin, cadmium and zinc must be
copper strike plated before electroless
nickel can be applied
5 Slower plating rate (in general), as com-
pared (o electrolytic methods
n t be ob-

6 Full bri P
talned without extreme brittleness,

Cost. Electroless nickel is considerably
more expensive than electrodeposited
nickel. Actual costs for electroless
nickel plating, as reported by two users,
are given in the following examples.

Example 1. Based on the experience of
one manufacturing plant, it costs $1.20 to

deposit an electroless nickel coating 1 mil

thick on a square foot of surface area: 37¢
for chemzcu.ha 80¢ for labor, and 24¢ for

an

Example 2. Another manufacturing plant
reports that it costs $1 per sq ft t0 piate a
1-mil thickness of electroless nickel on
surface area of 0.1 sq
ft, on the basis of data obtained over a
one-year period (2400 working hours). An
analysis of their costs is given tn Table 5.

Selected References

A. Brenner, Electroless Plating Comes of Age,
Metal Finishing, November 1954, p 08-76; De-
cember 1954, p 61-68

A. Brenner and Q. Riddell, Nickel Plating on
Steel by Chemical Reduction, J Res Nat Bur
Stds, July 1946, p 31-34, and Proo Am Klso-
troplaters’ Soc, 1 p 33-29: Deposition of
Nickel and Cobalt by Chemical Reduction, J
Res Nat Bur Stds, Nov 1947, p 383-393, and Proc
Am Klectroplaters’ Soc, 1948, p 156-100

Q. Outselt, Industrial Nickel Coating by
C | Catalytic Trans Inst Metal
Fintshing, 33. 383-423 (1935-1958), and Corro-
sion Technot. 3. 208 (19568)

a . An Outline of the Chemistry In.

Table 4. P ! Properti ot El

Nickel Deposits
Property Value
Specific gravity . .8to8.
Mllung‘romt ..... 1635 to 1850 F
Electri resistivity crohm-cm
Thermal . 13 X 10* per °C

0.0108 to 0.0135

expansion .
Thermal conductivity ..... .
cal/em sec/°C

6.2B-45

volved in the Process of Catalytic Nickel Dep-
osition from Aqueous Solution, Plating, Oct
1959, p 1158-1164: Nov 1959, p 1275-1278: Dec
1989, p 1377-1378. Jan 1960, p 63-70

C. H. de Minjer and A. Brenner, Studies on
Electroless Nlckm;l Plating, Plating, bar

1957, p 1397-1 n

on Nickel Plating
(Cstalytic Deposition of Nickel-Phosphorus
Alloys by C A Bolu-

in
tion), ASTM 8TP No. 265 (1950)
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(2) PPG METALHIDE®

METALHIDE®

97-694 Series

HPC/Industrial Maintenance
GENERAL DESCRIPTION

METALHIDE® 2000 Inorganic Zinc Rich Coating
TINTING AND BASE INFORMATI

Heavy duty corrosion resistant primer for ferrous metal surfaces in
industrial environments. Provides galvanic protection similar to
galvanizing. Particularly suited as a lining for the interior, and as
a primer to be topcoated for the exterior of tanks containing
organic solvents, gasoline, and other fuels. It is also excellent for
application in coastal, marine, and other offshore environments.

RECOMMENDED USES

Ferrous Metal

FEATURES AND BENEFITS

Provides galvanic corrosion protection

Excellent resistance to organic solvents

Can be handled with slings in 5-6 hours (77°F at 50% relative
humidity)

Class B Slip Coefficent under ASTM A-325

PACKAGING

1-Gallon (3.78L)
3-Gallon (11.3L)
5-Gallon (18.9L)

Not all products are available in all sizes. Not all containers are
full-filled.

97-694 Liquid Component A - Red
97-695 Liquid Component A - Green
a7-697P Powder Component

DO NOT TINT.

PRODUCT DATA

PRODUCT TYPE: Incrganic self-curing ethyl silicate-metallic zinc
GLOSS: Matte

voc*: 3.88 Ibs./gal. (466 g/L)
COVERAGE: 330 to 500 sq. ft./gal. (31 to 46 sq.m/3.76L)

WEIGHT/GALLON*: 20.3 Ibs, (9.2 kg) +/- 0.3 Ibs. (136 g)
WEIGHT SOLIDS": 80.3% +- 2%

Results will vary by color, thinning and other additives.
*Product data calculated on mixed 97-695/97-697F.

Dry Film Thickness*: 2 to 5 mils not to exceed 8 mils
on spot readings

POT LIFE:
MIX RATIO:

16 hours
Mix as packaged.

See mixing instructions.
IN SERVICE TEMPERATURE: 750°F (399°C) Dry heat
140°F (60°C) Wet heat
DRYING TIME@ 77°F (25°C); 50% relative humidity.

To Touch: 15 minutes
To Handle: 4 hours
To Recoat: 24 hours

Drying times listed may vary depending on temperature, humidity,
color and air movement.

CLEANUP: 97-727 PPG Thinner
FLASH POINT: 97-605 60°F (15.6°C)
123
6.2B-46
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97-694 Series

METALHIDE

METALHIDE® 2000 Inorganic Zinc Rich Coating HPC/Industrial Maintenance

GENERAL SURFACE PREPARATION

Remove all paint, mill scale, and rust. The surface to be coated must be dimensionally stable, dry, clean, and free of oil, grease, and other
foreign materials.

WARNING! If you scrape, sand, or remove old paint, you may release lead dust or fumes. LEAD IS TOXIC. EXPOSURE TO LEAD DUST
OR FUMES CAN CAUSE SERIOUS ILLNESS, SUCH AS BRAIN DAMAGE, ESPECIALLY IN CHILDREN. PREGNANT WOMEN
SHOULD ALSO AVOID EXPOSURE. Wear a properly fitted NIOSH-approved respirator and prevent skin contact to control lead exposure.
Clean up carefully with a HEPA vacuum and a wet mop. Before you stant, find out how to protect yourself and your family by contacting
the USEPA Naticnal Lead Information Hotline at 1-800-424-LEAD or log en to www.epa.govilead. In Canada contact a regional Health
Canada office. Follow these instructions to control exposure to other hazardous substances that may be released during surface
preparation.

STEEL: Non-Immersion Service -- The minimum surface preparation for ferrous metal substrates is SSPC-SP6 Commercial Blast
cleaning. Service life of coating is in direct proportion to surface preparation. Immersion Service - Near White Metal Blast SSPC-SP10
is mandatory for ferrous metals. The surface to be coated must be clean, dry, and well prepared to receive the coating. For specific
recommendations, see your PITTSBURGH® Paints dealer or call 1-800-441-9695.

RECOMMENDED PRIMERS

Self priming on properly prepared surfaces.

MIXING AND APPLICATIONS INFORMATION (cont.)

Permissible temperatures during application:

Material: 50 to 90°F 10to 32°C
MIXING AND APPLICATIONS INFORMATION [IEGEIE 0to 100°F  -181038°C
Substrate: 0 to 140°F -18 to 60°C

MIXING INSTRUCTIONS: Mix the 97-694 or 695 opague liquid

base using a mechanical mixer until no pigment remains at the
bottom of the container. Transfer to a large container to facilitate
mixing, and slowly sift in the zinc dust, 97-697P under continuous
agitation. Mix until blend is uniform and free of lumps. Strain
through a 30-60 mesh screen. DO NOT MIX IN REVERSE
ORDER. Maintain constant agitation during use to prevent zinc
dust from settling. The liquid component and the mixed paint must
be protected from moisture. Relatively small amounts of
contamination will cause gelation.

Changes in application equipment, pressures andfor tip sizes may
be required on ambient temperatures and application conditions.

Airless Spray: Pressure 1500 psi, ip 0.017" - 0.021" Filter: 30
mesh

Conventional Spray: Fluid Nozzle: DeVilbiss MBC-510 gun, with
64 air cap with E tip and needle, or comparable equipment.
Atomization Pressure: 55 - 70 Fluid Pressure: Can not specify,
dependent on numerous factors.

Spray equipment must be handled with due care and in
accordance with manufacturer's recommendation. High-pressure
injection of coatings into the skin by airless equipment may cause
serious injury.

Brush: Mot recommended

Roller: Not recommended

Thinning: Thinning not normally required. If thinning is desired do
not thin more than 12% with 97-727.

LIMITATIONS OF USE

Apply in good weather when air and surface temperatures are
between 50°F (10°C) and 100°F (37.8°C) with maximum relative
humidity of 85%. Optimum paint temperatures is 70°F (21°C) -
80°F (26.7°C). Surface temperatures must be at least 5°F (3°C)
above the dew point. Do not expose container to temperatures
greater than 135°F (57V°C). Do not use for potable water.

For Professional Use Only; Not Intended for Household Use.

SAFETY

Proper safety procedures should be followed at all times while
handling this product. USE WITH ADEQUATE VENTILATION.
KEEP OUT OF REACH OF CHILDREN. Explosion-proof
equipment must be used when coating with these materials in
confined areas. Keep containers closed and away from heat,
sparks, and flames when in use. Spray equipment must be
handled with due care and in accordance with manufacturer's
recommendation. High-pressure injection of coatings into the skin
by airless equipment may cause serious injury. Read all label and
Material Safety Data Sheet for important health/safety information
prior to use. MSDS are available through our website
www.ppghpe.com or by calling 1-800-441-9695.

PPG Architectural Finishes, Inc. believes the technical data presented is curently accurate: however, no guaraniee of accuracy, comprehensiveness, or performance is given or
implied. Improvements in coafings technology may cause future technical data to vary from what is in this bulletin. For complete, up-to-date technical information, visit our web

site or call 1-800-4471-9695.
' PPG Industries, Inc,
Architeciural Coalings
One PPG Place
Pitlsburgh, PA 15272

www ppghpo.com

Technical Services
1-800-441-9695
1-888-807-5123 fax

ArchitectSpecifier
1-800-PPG-IDEA

PPG Canada, Inc. 123
Architeciural Coalings
4 Kenview Blvd
Brampton, ON LET 5E4

112011
Supersedes (272009)

6.2B-47
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(3) PPG PITT-THERM®

97-724 Series

PITT-THERM
HPC/Industrial Maintenance PITT-THERME High Heat & Stress Corrosion Coating
Generic Type ng and Base Inforr
Air Dy Bilicone, One Compornent 97-724 Black
UCs1452 White
UCsRsT1 Crray

This coating i intended for use on austenitic stainless and carbon steel
to provede protection againet chlovide attack and stress conosion
cracking on both insulated and uninsulated surfaces. PITT-THERWB
has excellent thermal shock and barrier properties, and maybe wsed as
a heat resistant coating for carhon steel.

Recommended Uses

Austenitic Stainless Steel
Cathon Steel

Product Data

Gloss: Tlatte
YOC+; 462 lbefgal 554.00 gL
Coverage: 279 t0 3F2 eq fifgal (26 to 35 sy m/O TEL)

Apte: Ibes mot taclude boss due & varping appBeation method swfoce porosiyy ov miving.

Features / Benefits DFT: 1.5 mimmum to 2.0 maximum

High heatand therrmal stress resistance.
Frotects stainless steel against chloride attack and stress corrosion
cracking.

Volume Solids*: 343% +L 2%
Weight Solids*: 52.1% +5 2%

Eeculte wrill wary by color, fhirving and otter addiimes.
*Frodact data cakulated onfull formak .

Weight/Gallon*: 5.6 Ihs (4.5 kg)+40.2 ths (91 &)

Clean-up: Q7727 PPG Eylol Thitmer

Drying Time:
To Touch: 20 mirates
ToHandle: 2hows
ToRecoat 16 hours

Dty Time @TPFC25°C), 30% relative hnidity

Limitations of Use In Service Temperature:
For Profe ssional Use Culy, Mot Intended for Household Use, Lpply Dy Heat(F): 230°  Dry Heat (T):

434

only whe n air, product and surface terpe ratures are 40°F (44°Chand - gy p oo 62°F, (16.7°C)
when swface teraperature isat least 5°F (3°C) sbowe the dew point.

2void exterior painting late in the day when dew or condensation are

likely to fory or when rain is threaterdng. Special attertion should be

given to insure that this product is not contarinated by racisture during

the application process. Dirying times listed may vary depending on

teraperature, hnreidity, color and aiv mome rent.

6.2B-48
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PITT-THERME

97-724 Series

HPC/Industrial Maintenance

PITT-THERME High Heat & Stress Corrosion Coating

General Surface Preparation

Retaowve all looge paint, will scale, and rst. The sorface 1o be coated ransthe dirnensionally stable, dry, elean, and free of oil, grease, and other foreign
raaterials. Service life of coating is in direct proportion to surface preparation. WARNING! If you scrape, sand, or reraose old paint, son may
release lead dust or furees. LEAD IS TOXEIC. EXPOSURE TO LEAD DUST OR FUMES CAN CAUSE SERIOUS ILLNESS, SUCH A5 BRAIN
DAMAGE, ESFECIALLY IN CHILDEEN. PREGHANT WORMEN SHOULD ALSC AVOIDEXPOSURE. Wear a properly fitted
HICOSH-approred respirator and prevent skin contact to control lead exposure. Clean up carefully with a HEP & vacuura and a wet mop. Before yon
start, find out how to protect yourself and your farnily by contacting the TTSEPA National Lead Inforrnation Hotline at 1-800-424-LEAD or log on to
wwwr epagovflead. In Canada contact a regional Health Canada office. Follow these instructions to control exposure 1o other hazardous substances

that mayhe released during surface preparation.

For application to Austenitic Stainless Steel SSPC-5P1 Sokvent Wash is the mindimur surface preparation. For Catbon Steel applications, 55PC-SP10
Hear White Ietal Blast is recpuired. Where appropriate bare areas should be primed with a suitable primer.
HPC Zveters in Detail Brochae (H10788) COATING SYSTEMS: 235-HD, 226.HD, 227-HD

Reco mmended Primers

none
Steel

Refer to HD Coating Systemns.

97676 or 677

Directions for Use

Il thoroughly to suspend all pigmentation before, and during use.
Explosion-proof equipment rustbe used when coating with these

materials in confined areas. Keep contaivers closed and away from heat,

sparks, and flames when not in use. USE WITH ADEQUATE

VENMTILATION. KEEF CUT OF REACH CF CHILDEEN. Fead all
lakel and Material Safety Data Sheet (MSDE) information prioe to use.
WISDS are available through our website or by calling 1-300-441-96935.

Perm.lssil | temggmtums during ?tg].l:amm.

Krge
Amble ut: 40 to 100°F 410 32°C
Substrate: 40 to 130°F 1o 54°C

Self Priming, 97-673/674 or 675,

Application Information

Recommended Spread Rates:
WetIvlils 43 minirum to 537 maximum
Wet Ivlicrons: 1092 minfmum to 1948 maxiwoom
Dy Ivlils 1.5 mindrum to 20 maxiwoon
Diry Ilicrons: 381 mindroom to 08 maxiwom

Application Equipment: Changes in application equipment,
pressures andior tip sizes maybe required depending on ambient
teraperatures and application conditions. 3 pray e guipment rust be
handled with due care and inaccordance with manufacturer's
recommendation. High-pressure irjection of coatings into the skinby
airless equiprment may cause serious injury.

Comwentional $ray: Fluid Nozzle: DeVilhiss MBC gun, with
M4 or 777 air cap with E or FF tip and needle, or comparable
equiprient, Stormization Pressare: 55 - 70 Fluid Pressure: Can not
specify, dependent on nuraerons fac tors.

Airless Spray: Pressure 1500 psi, tip0.011" - 0.015"

Brush:  MotRecomene nded

Roller:  MNotFecorame nded

Thinning:
DOMNOT THIN. Spray product as recetved.

Packaging: 1-Gallon (3.75L)

Hot allprodacts are aradlable fall sizes. Al cortaimers are ot fulbfiled

PPG AF believes the technical data presented is cumently accurate: howewer, no guarantes of accuracy, comprehe nsivness, or performance is given or implied .
Improwvemernts in coatings techno logy may cau se future te chnical da@ to wary fomwhat is inthis bulletin. Forcomplete, up-to-date technical information, wisit our web site or

call 1-300-441- 9695
FPG Industties, Inc.
[ ] . Architectural Coatings
Cne PPG Place
Pittsburgh, P& 15272
ey pp g Com

Technical Services
1-800-441-9695
1-885-507-5123 fax

ArchitectSpecifier PP G Architectural Finishes

1-888-PPG-IDEA 400 5. 13h Street
Louisville, KY 40203

6.2B-49

PP G Canada, Inc.
Architectural Costings
4 KerdewBlwd
Bramptan, OM LET SE4

I7 10/2002

10102



(4) Keeler &

Long/PPG KLE

KLE

E.340

Product Data Sheet

KeelerlLon

ﬁﬂ PPG High Performance Coatings

Keeler & Long/PPG
856 Echo Lake Road

Watertown, CT 06795

1-800-238-8596

Epoxy Enamef
KLE Series

Product Information

Product Code:

Froduct:
Suggested Use:

Mot
Recommended:

KLE1XXXX Part A where XXXXis a color
designation.

KLE2XXXX Part A

KLE1B Curing Agent Part B
Polyamide Epoxy

A two component, polyamide epoxy enamel

formulated to provide excellent chemical,
abrasion and direct impact resistance for
interior exposures.

Use as a topcoat for concrete and steel
surfaces, subject to radiation,
decontamination, and loss-of-coolant accidents
in Coating Service Level | areas of nuclear
power plants.

Areas cther than above, as the KLJ Series can
be utilized in Coating Service Level Il and
certain Level ll| areas, as well as balance of
plant, of nuclear power plants.

Product Description

Colors:
Gloss 60°:

voc:
Method:
Weight/Gallon:

In Service Heaf
Limitations:

Flash Point:

Package:

Percent Solids by
Volume:

Percent Solids by
Weight:

Drying Schedule

Available in a wide range of colors.
KLE1XXXX 85 minimum

KLE2XXXX 35-65

3.47 Ibs./gal. (4186 g/L) * mixed, unthinned
Calculated

10.2 £ 0.5 Ibs /gal. *

250°F (121°C) **

Part A 82°F (27.8°C)

Part B 104°F (40°C)

Part A is available in one gallon containers at

0.80 gallon (3.03 liters) and five gallon
containers filled at 4.00 gallons (15.1 liters).

KLE1B Part B is available filled in quart
containers at 25.6 fluid ounces (751 mL) and
full filled gallon containers.

539+3.0%*

66.1 £3.0%*

Air Dry @ 77°F (25°C) ASTM D5895

Dry to Touch:
Dry to Handle:

4 hours
8 hours

Drying Schedule {continued

Dryto Recoat:

48 hours

Drying times listed may vary depending on
temperature, humidity and air movement.

Application Data

Substrate:

Substrate
Preparation:

Basecoafs:

Application
Method:

Thinner Code &
Percent:

CoverageSq
R/Gal @2 mis:
Mixing
Instructions:

Wet Film Per
Coat:

Dry Film Per
Coat:

Clean Up
Solvent:

Metal or masonry

The service life of the coating is directly
related to the surface preparation. The
surface to be coated must be properly
prepared and primed, dry, clean and free of
contamination including oil, dirt, grease and
rust.

Epoxy Surfacer, Epoxy White Primer
Apply by spray, brush or roller application.

Air Spray: DeVilbiss MBC gun, 704 or 777
air cap, “E” for “F” tip and needle or
equivalent equipment. Atorization
Pressure: 30-60 psi.

Airless Spray: Equipment capable of
maintaining a minimum of 2500 psi without
surge at the tip. 0.011” (0.279 mm) to
0.017” (0.432 mm) orifice.

Brush: Use a high quality natural bristle
brush.

Roller: Use a high quality roller cover with a
solvent resistant core.

Refer to Application Guide APG-2 for
additional information.

Thin up to 5% by volume with KL4093 as
needed for application.

362 sq. tt./gal *

Thoroughly mix Part A before blending. Add

KLE1B Part B to Part A. Mix until uniform.
Allow to digest for 1 hour before use.

37to46mis*

2.0to 2.5 mils

KL4093

The staternent and methods presented in this bulletin are based upon the best available data and practices known to PPG/Keeler & Long at the present time. They are not
representations o warranties of performance, results or camprehensiveness of such data. Since FPG /Keeler & Long is constartly improving its coatings and paint

ferrmulas, future technical data may vary somewhat from what was available when this bulletin was printed. Contact your PPG/Eeeler & Long Sales Representative for
the most up-to-date inforrnation.

6.2B-50
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E.340

Product Data Sheet
Keeler & Long/PPG
Epoxy Enamel

Wat j
- ) _ atertown, CT 06795 KLE Series
m PPG High Performance Coatings  1-800-238-8596

Application Information (continued
Parts Base by
Volume: 4 part“A’

Parts Catalyst by
Volume: 1 part KLE1B Part “B”

Digestion Time: 1 hour @ 77°F {25°C)
Potlife: 8 hours @ 77°F (25°C)
Additional Information

Apply only when air, product and surface temperatures are at least 55 °F (12.8°C) and surface temperature is at
least 5°F (3°C) above the dew point. Curing is retarded below 60°F (15.6°C).

Store materials at temperatures between 45°F (7.2°C) and 95°F (35%)
Permissible substrate temperatures during application is 55°F (12.8°C) and 120°F (48.9°C).
*Values are calculated using KLE16002 White mixed 4:1 by volume with KLE1B. Values will vary with color.

**KLE Series coating system was evaluated and passed the 7-Day 340°F Design Basis Accident Test per ANSI
N101.2 and ASTM D3911.

Read all label and Material Safety Data Sheet (MSDS) information prior to use. MSDS are available by calling 1-
800-238-8596.

Mot intended for residential use.
Spray equipment must be handled with due care and in accordance with manufacturer's recommendation.

High-pressure injection of coatings into the skin by airless equipment may cause serious injury, requiring
immediate medical attention at a hospital.

WARNING! If you scrape, sand, or remove old paint, you may release lead dust or fumes. LEAD IS TOXIC.
EXPOSURE TO LEAD DUST OR FUMES CAN CAUSE SERIOUS ILLNESS, SUCH AS BRAIN DAMAGE,
ESPECIALLY IN CHILDREN. PREGNANT YWOMEN SHOULD ALSO AVOID EXPOSURE. Wear a properly fitted
NIOSH-approved respirator and prevent skin contact to control lead exposure. Clean up carefully with a HEPA
vacuum and a wet mop. Before you start, find out how to protect yourself and your family by contacting the USEPA
National Lead Information Hotline at 1-800-424-LEAD or log on to www.epa.gov/lead. In Canada contact a
regional Health Canada office. Follow these instructions to control exposure to other hazardous substances that
may be released during surface preparation.

The statement and methods presented in this bulletm are based upon the best available data and practices known to PPG/Eeeler & Long at the present time. They are not
representations or warranties of performance, results or comprehensiveness of such data. Since FPG /Keeler & Long 1s constantly improving its coatings and paint
ferrnulas, future technical data may vary somewhat firorm what was available when this bulletin was printed. Contact your PPG/Eeeler & Long Sales Representative for
the most up-to-date information.

E.340 March, 2005
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(5) Carboline® 890N

o]
Carboguard® 890N
carboline,

Selection & Specification D Substrates & Surface Preparation
- . - - . General Surfaces must be clean and dry. Employ adequate
Generic Type Cycloaliphatic Amine Epaxy metheds to remove dirt dust ol and all other
Description Nuclear grade, DBA tested, self priming epoxy. Tested ;‘u:tarcr:;?:ts ":OIHOC:UI(: m::::: :lt:ﬂ::::::n [::
and cerified for use in Muclear Level 1 areas in a specific projgéct it P
variety of systems, )
Features = Can be applied direct to steel without a primer s(';"' o :"si;h;&i‘;’:'gg%snifz}ifs
= Single coat, high build capabilities (General) F. [ f ¢ - SSPC-SP2 or SP3
= Can be applied to minimally prepared surfaces or plant maintenance: ~oFzor 5F
= Compatible to many existing, aged epoxies and Refer to applicable DBA testing specific to plant
inorganic zinc coatings g postulated LOCA conditions.
= Easily decontaminated
= DBA tested and qualified for Nuclear Service Level 1 Concrete Concrete must be cured 28 days at 75°F (24°C) and
= Resistant to high levels of radiation (General) 50% relative humidity or equivalent. Prepare
= High solids and low VOC help reduce effects on surfaces in accordance with ASTM D4258 Surface
charcoal filters Cleaning of Concrete and ASTM D4259 Abrading
= Application-friiendly characteristics minimize man- Concrete. Voids in concrete may require surfacing.
rem exposure Prime with approved primer.
= Suitable for use under insulation on hot surfaces R o . :
operating up to 250°F (121°C) outside Level 1 areas Previously Follow approved specification for specific project.
Painted Surfaces Consult Carboline for available compatibility test
Color Refer to Carboline Color Guide. Certain colors may data.
require multiple coats for hiding.
rformance Data
Finish Gloss
Test Method System*® Results Report #
Primers Self-priming. Qualified over Carbozinc 115G and 02658,
Carboguard 893 for fabrication applications. May be ASTM D3911 890 /890 Pass 02732,
applied over existing inorganic zinc primers and epoxy DBA Steel, SP3, SP11 02927
based systems. A mist coat may be required to
inimi. ing over il ic zinc primers. Consult 02658,
Carboline for system recommendations and test data ASTI\[/)IB[E)Qﬂ 2?:115/590 Pass 02732,
for use in nuclear applications. oncrete 02927
Dry Film 4.0-6.0 mils (100-150 microns) per coat ASTM D3911
Thickness 6.0-8.0 mils (150-200 microns) over light rust and for DBA 893 /890 Pass 02689
uniform gloss over inorganic zincs.
Don't exceed 10 mils (250 microns) in a single coat. ASTM D3911
Excessive film thickness over inorganic zincs may DBA CZ115G /890 Pass 02927
increase damage during shipping or erection.
Note: Acceptable DFT ranges are based on plant ASTM D4082
specific DBA test data. Carboguard 890 has been Radiation ggg ;ggg No Defects 0022?;2%
tested in multi-coat and wide DFT range scenarios. Tolerance
Consult Carboline for applicable DBA test data.
Dgizﬂn[:ﬁfa?gn 890 99.96% 02411
Solids Content By Volume:75% + 2%
ASTM D4541
Theoretical 1203 mil ft*(30.0 m*/ at 26 microns) Elcometer 890 980 PSI 02411
Coverage Rate 241 # at 5 mils (6.0 m“/ at 125 microns) Adhesion
Allow for loss in mixing and application —
ASTM D3912 Pass all chemicals
VOC Values As supplied 1.80 Ibs/gal (216 gf) Chemical 890 e;':ept P°‘“5;“m 02411
Thinned wi#2:  Toz/gal: 2.03 Ibsigal (244 gy Resistance Nit .e”[\“?gga’:’vﬁBK
1302/gal: 2.26 lbsigal (274 g ';'I° °'Sa” s
Thinned w/#33:  Toz/gal: 2.05 lbs/gal (246 g/) ASTM E84 ame opreac
1602/gal: 2.40 lbsigal (288 gy Flame Spread 890/890 Smoke ng"e’a”"" 02918
. ASTM E1461
Dry Temp. Continuous: 250°F (121°C) : 2o
Resistance Non-Continuous: 300°F (149°C) C;:‘;J;’:;'ity 890 479 btuinhr-f-F 03683
Carboguard 890 N has been successfully tested under
DBA / LOCA temperatures up to 340°F (171°C). ASTM D4060 890 85 ma lost 02411
Please contact Carboline for specific variables. Taber Abrasion 9
Discoloration and loss of gloss is observed above
200°F (93°C). Test reports and additional data available upon written request.
* Carboguard 890 received a name change in June 2004 fo
Temp. Resistance Under Insulation: 250°F (121°C) Carboguard 890N for nuclear service projects.
(Under Insulation) (Normally dry)
Not for use under insulation in Level 1 areas.
Limitati Quali i of Carb d 890N for Level 1
applications is plant specific and must be supported
with relevant DBA test data.

January 2012 replaces July 2011 0986

To the best of our knowledge the technical data contained herein is true and accurate on the date of publication and is subject to change without prior notice. User must contact Carboline Company to
verify correctness before specifying or ordering. No guarantee of accuracy is diven or implied. e guarantee our products to conform to Carboline quality cortrol Ve assume no resgons\bth for
coverage, performance or Injuries resulting from use.” Liability, if any, is limited to replacement of products. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY CARBOLINE,
EXPRESS OR IMPLIED, STATUTORY, BY OPERATION OF LAW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Carboline® and Carb oguard®
are registered trademarks of Carboline Company.
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Carboguard® 890N

pplication Equipmen

Listed below are general equipment guidelines for the application of this product.
Job site conditions may require modifications to these guidelines to achieve the
desired results. G eneral Guidelines

Spray This is a high solids coating and may reguire

Application adjustments in spray techniques. Wet film thickness is

(General) easlly and guickly achieved. The folowing spray
equipment has heen found suitable and s available
from manufacturers such as Binks, DeWilbiss and
Graco

Conventional Pressure pot equipped with dual regulators, 3/8" 1D
Spray minimum material  hose, .070° 1.D. fluid tip and
appropriate air cap

Pump Ratio: 30:1 (min.J*
GPM Output 3.0 (min )
haterial Hose: 3/8" [.D. (min)

Airless Spray Tip Size: 017"-.021"
Output PS1: 2100-2300

Filter Size' 60 mesh

*Teflon packings are recommended and available from
the pump manufacturer.

HYLP 3 Accuspray Spray Gun Model HGOS

Brush & Roller
(General)

Multiple coats may be required to obtain desired
appearance, recommended dry film thickness and
adequate hiding. Avoid excessive re-brushing or re-
ralling. For best results, tie-in within 10 minutes at 78°F
(24°C)

Brush Use a medium bristle brush

Roller Use a short-nap synthetic roller cower with phenolic core

Mixing & Thinning

Mixing Power mix separately, then combine and power mix. Partial
mixing of kits is not recommended without specific approval
and written procedures fram plant engineering and QA

Ratio 1:1 Ratio (A to B)

Thinning* Spray Up to 13 azigal (10%) wi#2
Brush: Up to 16 oz/gal (12%) w/#33
Roller: Up to 16 oz/gal (12%) w/#33
Thinner #33 can be used for spray in hatéwindy canditions
Use of thinners other than those supplied or recommended
by Carboline may adversely affect product performance and
woid product warranty, whether expressed or implied
*See YOC values for thinning limits.
Pot Life 3 Hours at75°F (24°C)
Pot life ends when coating loges body and begins to sag.
Pot life times will be less at higher temperatures.

Cleanup & Safety

Cleanup Use Thinner #2 or Acelane. In case of spillage, absorb and

dispose of in accordance with local applicable regulations.

Safety Read and follow all caution staternents on this product data
sheet and on the M3DS for this product. Employ normal
workmanlike safety precautions Hypersensitire persons
should wear protective clothing, gloves and use protective
cream on face, hands and all exposed areas

Ventilation “When used as a tank lining or in enclosed areas, thorough
air circulation must be used during and after application until
the coating is cured. The ventilation systern should be
capable of preventing the solvent wapor concentration from
reaching the lower explosion limit for the solents used
User should test and maonitor exposure levels to insure all
personnel are below guidelines. If not sure or if not able to
monitor levels, use MSHA/NIOSH approved supplied air
raspirator
Caution This product contains flarmmable solvents. Keep away from
sparks and open flames. All electrical equipment and
installations should be made and grounded in accordance
with the Mational Electric Code. In arsas where explosion
hazards exist, workmen should be required to use non-
ferrous tools and wear conductive and non-sparking shoes.

January 2012 replaces July 2011

Condition Material Surface Ambient Humidity
Hormal (?gﬂfgﬂg) (fgﬂ:ggﬂg) (152‘1_25"5) 0-85%
Minimurm (153“(?) (fgw(; (?SD[F:) 0%
Maximum (Sgﬂg) (152255 (1113005 85%
This product simply requires the substrate temperature to be above the

dew point. Condensation due to substrate temperatures below the dew
point can cause flash rusting on prepared steel and interfere with
proper adhesion to the substrate. Special application techniques may
be required above or below nommal application conditions

uring Schedule

890N (Based on 4-8 mils, 100-200 microns dry film thickness.)

Surface Temp. Dry to Dry to Topcoat Final Cure
& 50% R_e_latlve Recoat wf cher -
Humidity Finishes General Immersion
S0°F (10°C) 12 Hours 24 Hours 3 Days MN/R
BO0°F (16°C) gHours 16 Hours 2Days 10 Days
75°F (24°C) 4 Hours & Hours 1 Day 5 Days
90°F (32°C) 2Hours 4 Hours 16 Hours 3 Days

Higher film thickness, insufficient ventilation or cooler temperatures will
require longer cure times and could result in solvent entrapment and
premature failure. Excessive humidity or condensation on the surface
during curing can interfere with the cure, can cause discoloration and
may result in a surface haze. Any haze or blush must be remaved by
water washing before recoating. Dudng high humidity conditions, it is
recommended that the application be done while temperatures are
increasing. Maximum recoatfopcoat times are 30 days for epoxies
and 90 days for polyurethanes at 75°F (24°C). If the maximum
recoat times have been exceeded, the surface must be abraded by
sweep blasting or sanding prior to the application of additional coats

ackag Handling & age
Shipping Weight 2 Gallon Kit 10 Gallon Kit
(Approximate) 28 Ihs (13 k) 145 s (66 ka)

Flash P oint (S etaflash) BI°F (32°C) for Part A
73°F (28°C) for Part B

Storage Temperature 40° -120°F (4°-49°C)  Store indoors
& Humidity 0-100% Relative Humidity
Shelf Life Part A 36 months at 79°F (24°C)

Part B: 15 manths at 75°F (24°C)

*Shelf Life: (actual stated shelf life) when kept at recommended
storage conditions and in original unopened containers.

Coatings - Linings - Fireproofing

2150 Schuetz Rd., St. Louis, MO 63146
PH: 314-644-1000 Toll-Free: 800-848-4645
www.carboline.com

An M Company

To the hest of our knowledye the technical data contained herein is true and accurate on the date of publication and is subject to change without prior notice. User must contact Carboline Company to
werlty correctness before specifying or ordering. Mo guarantee of accuracy is given of implied. We guarantee_our_products to conform to CarhnlwﬁTuEué\igantm\ WE assume no resgiﬁa%ﬂ[qu

coverage, performance or Injuries resulting from use. Liability, i any, is limite
EXFRESS OR IMPLIED, STATUTORY, BY OPERATION OF LAW, OR
are registered trademarks of Carboline Cormpany

1o replacerment of products. NO OTHER WARRANTY OR GUAR
OTHERWWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURFOSE. Carboline@ and Carhoguard®

AMY KIND 15 MADE BY
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(6) ASTM B29 — 4 erif i 4%

Designation: B 29 — 03

il
INTERNATIONAL
Standard Specification for
T 1
Refined Lead
This standard 1s 1ssued under the fixed designation B 29 the number immediately following the designation indicates the year of original
adoption or. in the case of revision, the vear of last reviston. A number in parentheses indicates the year of last reapproval. A superseript
epsilon (€) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope

1.1 This specification covers refined lead in pig. block. or
hog form.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The wvalues given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safetv Data Sheet for this product/material as pro-
vided by the manufacturer; to establish appropriate safety and
health practices, and deterimine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of material purchase form a part of this specification to the
extent referenced herein.

2.2 ASTM Standards:

E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications®

E 37 Test Methods for Chemical Analysis of Pig Lead®

E 88 Practice for Sampling Nonferrous Metals and Alloys

in Cast Form for Determination of Chemical Composition>

3. Ordering Information

3.1 Orders for refined lead under this specification shall
include the following information:
3.1.1 ASTM designation and year of issue,
.1.2 Quantity (weight),
.1.3 Name of material (for example, pure lead),
.1.4 Size and shape (see Section 6),
1.5 Grade (see Table 1 and accompanying notes), and

[FER IS

[75)

! This specification 15 under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys

Current edition approved June 10. 2003. Published July 2003. Originally
approved in 1919. Last previous edition approved in 1997 as B 29 - 92 (1997).

2 Annual Book af ASTM Standards, Vol 14.02

3 Annual Book of ASTM Standards. Vol 03.05

TABLE 1 Chemical Requirements*#

Composition (Weight Percent)

Low Bismuth
Grade Low Silver Refined Pure Pure Lead, Chemical-
Pure Lead, Lead, max? max Copper Lead®
max<
Sb 0.0005 0.0005 0.001 0.001 max
As 0.0005 0.0005 0.001 0.001 max
Sn 0.0005 0.0005 0.001 0.001 max
Sb As and Sn . 0.002 0.002 max
Cu 0.0010 0.0010 0.0015 0.040-0.080
Ag 0.0010 0.0075 0.010 0.020 max
Bi 0.0015 0.025 0.05 0.025 max
Zn 0.0005 0.001 0.001 0.001 max
Te 0.0001 0.0001
Ni 0.0002 0.0002 0.0005 0.002 max
Fe 0.0002 0.001 0.001 0.002 max
Lead (min) by 99.995 99.97 99.94 99.90
difference
UNS Number L50006 L50021 L50049 L1121

# The following applies to all specified limits in Table 1: For the purpose of
determining conformance with this specification, an observed value obtained from
the analysis shall be rounded off “to the nearest unit” in the last right hand place
of figures used in expressing the limiting value, in accordance with the rounding
method of Practice E 29.

& By agreement between the purchaser and the supplier, analyses may be
required and limits established for elements or compounds not specified in Table
1.

© This grade is intended for chemical applications where low silver and low
bismuth contents are required.

© This grade is intended for lead acid battery applications,

£ This grade is intended for applications requiring corrosion protection and
formability.

3.1.6 Certification or test report if specified (Section 13).

4. Materials and Manufacture

4.1 Lead shall be supplied in commercial standard forms or
shapes requested by the purchaser in the following grades:

4.1.1 Low bismuth low silver pure lead.

4.1.2 Refined pure lead,

4.1.3 Pure lead, and

4.1.4 Chemical copper lead.

4.2 The grades of lead listed in 4.1.1-4.1.4 shall be produced
by any smelting and refining process from ore or recycled
materials to meet the chemical requirements of this specifica-
tiomn.

Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2859, United States.

6.2B-54

10102



4l B29-03

5. Composition
5.1 The lead shall conform to the requirements prescribed in
Table 1 and accompanying notes.

6. Sizes and Shapes

6.1 Pigs shall weigh up to a nominal 110 Ib (50 kg).
6.2 Blocks or hogs shall be square or oblong and weigh up
to 2530 Ib (1150 k).

7. Appearance

7.1 The lead shall be reasonably free from surface corrosion
and adhering foreign material.

8. Lot

8.1 All lead of the same type produced and cast at one time
shall constitute a lot for chernical analysis. Each pig or block of
the lot shall bear a single identifying number that can be related
to the manufacturing lot.

9. Sampling for Chemical Analysis

9.1 The sample for chemical analysis shall be selected by
one of the following methods:

9.1.1 Test samples taken from the lot during casting, or

9.1.2 Test samples taken from the final solidified cast
product.

9.2 Sampiing for Lot 4Analvsis—The supplier may obtain
samples from the lot of molten metal during casting. All or part
of these samples may be cast into shapes suitable for use in
spectrographic analytical methods.

9.3 Sampling of Cast Product:

9.3.1 If the lead is in the form of standard pigs (Fig. 1). the
sample for chemical analysis shall be taken in accordance with
9.3.3.1.93.3.2, or 9.3.3.3.

9.3.1.1 If the pigs differ in shape from those shown in Fig.
1 or the product is cast into blocks or hogs, the supplier and the
purchaser shall agree mutually as to the method to be followed
in sampling such shapes.

9.3.2 Sampling Pig Lead—A portion representative of the
total shipment shall be selected at random for the final sample.
For lots containing at least 100 000 Ib (45 400 kg) of pig lead.
one pig shall be taken from every 20 000 Ib (9080 kg). For
smaller lots, a total of five pigs shall be taken.

9.3.3 Sample Preparation—Each pig shall be cleaned thor-
oughly to rid the surface of dirt or adhering foreign material
prior to sampling by one of the following methods: sawing,
drilling, or melting.

9.3.3.1 Sawing—The pigs selected shall be sawed com-
pletely through as illustrated in Fig. 1. The sawings from the
pigs shall be mixed thoroughly and quartered, and the samples
for analysis taken from the mixed material. The sawings must
be free of extraneous material introduced from the saw blade.
All sawings shall be treated with a strong magnet in order to
remove iron introduced by sawing.

9.3.3.2 Drilling—The pigs shall be drilled at least halfway
through from two opposite sides as illustrated in Fig. 2. A drill
of about 2 in. (12.7 mm) in diameter shall be used. In drilling.
the holes shall be spaced along a diagonal line from one corner
of the pig to the other. Holes may be made in a single pig or in
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Pigs sampled in sets of five according to template as shown above.

SAW IS SHARPENED ON
EMERY WHEEL TO SIZE
AND SHAPE HERE SHOWN.

FIG. 1 Method of Sampling Lead by Sawing
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Note 1—Pigs selected for sampling shall be placed side by side, every
other pig bottom side up, and sampled according to template in sets of five
pigs each as mdicated above. The pigs shall be drilled at least halfway
through: when a larger sample 1s desired, the pigs shall be turned over and
sampled on the other diagonal.

FIG. 2 Method of Sampling Lead by Drilling

each of several pigs placed as illustrated in Fig. 2. The drillings
shall be clipped into pieces not over ¥ in. (12.7 mm) in length,
mixed thoroughly. and treated with a strong magnet to remove
iron introduced by drilling.

9.3.3.3 Melting—Whole pigs. portions of pigs produced by
sawing, drillings, or sawings shall be melted in a clean vessel.
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The melting temperature must not exceed 685°F (363°C) to
prevent excessive drossing. The lead must be stirred immedi-
ately prior to sampling. The molten lead shall be cast into
shapes suitable for use in spectrographic analysis, cast into thin
sample bars not to exceed ¥& in. (9.5 mm) thick for sawing, or
granulated by pouring into distilled water and drying the
material thoroughly. For sample bars, saw cuts shall be made
halfway across the bar from each side and staggered so that
they are about ¥ in. (12.7 mm) apart. The sawings so produced
are treated in accordance with 9.3.3.1.

9.3.4 Sample Size:

9.3.4.1 For spectrographic analysis. three samples shall be
prepared of a size and shape satisfactory for use by the
laboratory at which the analysis is to be made.

9.3.4.2 For wet chemical analysis, each prepared sample
(sawings. drillings. or granules) shall weigh at least 600 g.*

9.3.5 Aspects of sampling and sample preparation not
specifically covered in this specification shall be carried out in
accordance with Practice E 88.

10. Methods of Chemical Analyses

10.1 The chemical compositions enumerated in Table 1 of
this specification shall, in case of disagreement, be determined
by wet chemical or spectrographic methods mutually agreed
upon by the supplier and the purchaser.

10.2 By agreement between the purchaser and the supplier.
analyses may be required and limits established for elements or
compounds not specified in Table 1.

11. Inspection

11.1 Imspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

12. Rejection and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported

* “Determination of As, Sb, and Te in Lead and Lead Alloys Using Hydride
Generation Atomic Absorption Spectrometry,” G.I. Fox, Afomic Spectroscopy, Vol
11, No.1. Januvary 1990, p. 13

to the supplier promptly and in writing. In case of dissatisfac-
tion with the results of the test, the supplier may make claim
for a rehearing.

12.2 Rejection shall be considered as follows:

12.2.1 Variation of weight, quantity, dimensions, or work-
manship.

12.2.2 Chemical composition.

12.2.2.1 In case of dispute, the material shall be sampled in
the presence of both parties in accordance with 9.3.

12.2.2.2 The resulting sample (at least 1800 g) shall be
mixed and separated into three equal parts, each of which shall
be placed in a sealed package, one for the supplier, one for the
purchaser, and one for the umpire if necessary, and analyzed in
accordance with Test Methods E 37.

12.3 When the lead metal satisfies the chemical and physi-
cal requirements of this specification, it shall not be con-
demned for defects in manufacturing or for defects of alloys or
products in which it is used.

13. Certification

13.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested as directed in this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract. a certified report of the test results
shall be furnished.

14. Marking and Special Requirements

14.1 A brand, by which the supplier can be identified, shall
be cast or marked legibly upon each pig. block, or hog. In
addition, other markings shall identify the material by type and
lot number.

14.2 (Any) special marking, color code. and other quality
requirements not covered by this specification shall be agreed
upon between the supplier and the purchaser.

15. Keywords

15.1 chemical-copper lead: lead: lead metal: pure lead:
refined pure lead
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