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‘Some Major U.S. Industries Using NBS

SRM’s (1970

SRM i
fWindustry Types nglts
Available
Jron and Steel 179 12,246
‘Rubber 19 2,233
vOres, Ceramics 24 1,105
Non-ferrous metals 98 2,511
«Clinical laboratories 5 548
‘Nuclear (power) 21 1, 050
Paper (rear and fading) 385
Cements 920
Metallo--organics 26 1,864
(transportation)

WPrimary Chemicals {chemical 12 2,534

industry; science)

Fig. 2

¥ 2=t A d@elE 1208 #sLE SRM 33,
(Q00f:fE>T 13,0008k Ti8, KB =& EAdAZ
ow, o|F P 1 0% EHAZ TPl BRA A=
BfE 2 fHe] EEE E¥e] WEEH o2 4ET
Bl SHEFEE o] SRMe] &ifsta ¢k ¥ 2=
197044 SRM& [E/GHS #meE fue mEe 2
-8 B Felrh v
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ARl 4 = SRM Z:fal] GRS ERRAQ #Brsd oF3
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o E ob giEe] Fef glia)shE % NBS-SRM:
% sho] SRM-: Bisgstele Ehol vl
2. RERHEYO| FHES Mg
JFamel 4 2] 5= SRMel] BEr misaredl 4% 3k

v 2oy o] SRMe F-ol g gl st =t 2 Y
e 9 Beel, e dd SRMS masA
st yiostek g LB oleh iRl A SRMe| gt
“Mi% & (measurement system) -2 ##1 (calibration) 3}
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1) 5r#i(analysis) == 358 (test)-3 sh=dl olof A
LR - Xwshela @mE 5k H) EHE) i (reference
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2) wdhEske] fEE B, SR EAVEE, BBl Mifeis
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AT 0t 9o, AA ARe pEsrEelt &
Wggsn s pEgEsl=v LUEEE (REBRY MRl 4ERY
#icpo] o)=] e A G4y (known material) & {HA]
€ =7b 2lvh. 2E Bl SRM2 4#i# Ev ME
#oh gdolok Fhi= ERESE A HH mE MEHE RO
R '1 2o 2 WERE R RRd =
& 9le FEY wAHE Aolvh
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2} e 3 vk, NBS-SRMe] #Fifel] = SRM<%: f# s =
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SRM& fFst= = ofel7hx] Jidie] olg 4 v
HH kg A MEES FEN L gk
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&= SRM3} RURe Ee] Bl sl -3 M
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AR Fipshiot dorop @k,

b) #IES—raESt b MR S-S KRAEkel 3k
o] HiLHhfRe] AR 4 oA F@ LI Ee SRME ff
Fsiok gt & fH°] SRMo 7 MIEMMS Aol #i
Lol g Ae, 23le] HRMoRE FHe] =
A g B (SRS 8 4 G W] A
2 gt BEMS Wdhe AS MRS RS &gl
1=
c) IRy %4 (physical condition) -SRM34} F4Ek
el WEey Hlle] ZotoR ghrl {ﬂ'* 4 OX#H Bt
SRl A A3 EIREE S 9o BlAe e F
B3 7EA of 3tel.

L]
Z
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SRMe] Al Jilikys A= BT Ee Y RER
BE FEsed @ Hel=h ol¥A EHiSe

SMRe #riEthi-s IERESHA B2 B3l A7t ohlel

HAiEe]l ¢HA odusbx TEE IR v EH
BESES #igrls B o2 BH ek 2 3 M
2 ooln] wkEA 9d #ZE KR SRM-Calcium
Carbonate (NBS-SRM 915) —& EpA#HE. Ste] miE <

] S0l d& Z4S WEs e FujE(reference
methed) o opF ASHAl BB o dsivh BUE
B NBSel| 4} &= °] ﬁ?ﬂ' Hiyo 2 $9 484 SMRE&

tE 3 9= o REY B ae® B9 9=
T FetE L, TFEI *011 Eol9w mE g nHERES T
T 4 Q= ma Aol SRMelcl. o] & SRML 3

Ao THEE EphA 2astz Yged fike R
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o8 SRM-g oeistx] v} & Jigko® BB EHES
el Bord - 4 U BHEHe Rl #18= o
9l k. SRM-S o] &4 f;:,‘/\‘_sﬂ 3 vy o7k #
W EE RedE MRS EmC gdeh Je
'SRMejele Wi b FBkTE Lol fRSFe] wEEoI XA
=k gk SRMe| mbEelxlxm MK, HEM, WH #
el F 48 AW, 2R ohE Wl HiEH
A HHEE o s 7)\“]‘4-

3. SRMe| M9 HF

Bl 2 IR F]
SRM;if #l oﬂ =M

EBe #8 NBS-SRM F 8] & s
e 2 %irEa glek. 197146 o] S
] BEE 184E Aol A gk AEERS PR
kil sh dlell= ME o] BB f57F TEE s

SRM& sty weshs BES ; '%M Rifel =1
A SRMe] ztZojo} 3 & rbale] —fiH J°l K5
Ak o] Buge Aolcoh . E: ﬂ%f’liol

D WHE s s sl T Mg ik
o] KERo R [ -3t of gtz SRM.e pifre] WK
M: (homogeneity) & 7}A o} &} 51,

2) SRMe| i) Biyel A Bl #itEel w58 I
TSy R R BIsEE o] oF 3},

3) SRMa} 4 iTE = i B (certificate) o] =
WoEE fORM AR ohlel ool ek AEEELE
2] A (limit of uncertainty) s} Wiz o of ghel= A
o]t].,

& BEMel, SlelA gy <3]
Aok A Aot e le.
of 2 spA o] A
) Az A gel oA SRM e
WU S+ Qe Hmelvh. ol® M
o g i i
A% spleA wE ek ghol

WHE 2 M
ekl M dell o]
st el 3 izt ddE gk
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R o Pon v KR WES R fRat
#d apEelrh. el old WiRg ¢ 28yl SRM g

value) *-

s diel Biggkel A SRMe)
MHee EFE Fo1%A 9% Aok
SRM- isteolir gk e 67421 9] e ol
T}.
1) SRM 848 B W Hi##(specification)fER.
o] FhallReREe] A= ohg3t 24 HIMECE BREe, o
HE delop ek M, o g pEstn e A

FERYL &)

7L ? AWERF MR, WEE MR B2 A MEe A
@-F g durt? oEE PEHEer ¢ i BE
% (homogeneity) & #H#ste] BRI zlolv, BT
Hh s WEE ke =a FAkl o) ?

2) Mol H#I WA

— e 2 KB NBSe A& SRM& #Ed #F-E
B wEAV Tekx] GEch ol v ERA EEM

Feorsl wpuhstel EmAiE e HRE HFh NBS {1
Fe] A MRE fERI8] rhelste] A S ol ol
t}.

3) HRM BE

< kgl 4 7000kg L f-o] g3t
MR BB M-S B fste] 48] HET it
Rpgske] &M HAE v B R o BEE

¥ Optical emission spectrometry, X-ray fluore-

o] HtX%IfYel SRM

scence spectrometry, spark-source mass spectro-

metry %S FIJIgbel. B@EHIE (residual

resistivity

ratio) & s RuiEsE g HEE 2o R MR
o s g glohd, WHEAS el
ﬁf'ﬁ‘/ﬂﬂm

Hel 53 NBS»L 453k ol & ko] il

o] LF—‘:~7} o ef 7hA o] Hifiy BES Ko ENE e A
7b wlkR o] Jifiel vl ;I;‘Gku Kt sl of ‘5'}31' SRM¢]
Yoy HiMo micrometer FEES] MIFHAIE F-EH W
g, FhKE, HHEVE, Mdossbauer Zhll, 40}/]-4% ther-
mal emittancer} specular spectral reflectance %% i
3 T Myikel Zhx] o] Brh. (LAY MUK BT #
W REHE =S MiEehs By ez F8, PPM
o Wi el ARyl (LAEEE,  bilirubine] )
cholesterols} zFo. fiffdh FHIHEN, 20 AR{H \,‘19]
JEFe] PPbe) H§uimm iEs]of of shi= wndE e B
fitel 7AA] o] Bl 2 NBSo] Al 14fHe] BF5EEN 4
30085400 EHD FEEE T o] dd kst olvh
23 3¢ ol B HMAME vebd Ze el v

5 & E

SRMe| 4Eol “dpitol & % (Wellcharacte-
rized)"o] el KBS Heh o] e MEHAE TREe
ek ko R WER I HUE" el #Hste 2
oA @l ok

a) vl ZEscln FEEE WHETERE s 4
W Wit Jitke R4, o] HELHE KUk
(reference methed), #EH: /5 (standard method), ]
¥ ] Jji (reference method) %o 2 HelHxalcl ¢
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Resources Available for Measurement and Certification of Standard Refercnce Materials

Technical Division Examples of Technical Competences
Metrolegy Thermal expansion; Phase transitions; Colorimetry; Photogrammetry
Mechanics Pressure measurements; Humidity; Vacuum techniques
Heat

Thermodynamic properties measurements; Calorimetry--heat of com—
bustion, fusion, solution, etc.

Cryogenics Residual resistivity ratio; Lowtemperature measurements

Analytical Chemistry Trace element analysis; Electrochemistry; Microchemistry; Gravim-

etry; Spectrophotometry

Polymers Molecular weight determiniation; Dielectric properties; Viscosity
Metailurgy Electrolysis; Metal deposition; X-Ray diffraction; Quantitative met-
allography
Inorganic Materials Crystallography; Solid-state physics
Physical Chemistry NMR; Thermochemistry; Mass Spectrometry; Radiation chemistry
Product Evaluation Physical properties of rubbers (viscosity, stress strain)
Building Research Fire research; Materials durability and analysis
Nuclear Radiation Radioisotopes; Nuclear properties
Information Processing Technology Magnetic Tape Characterization
Applied Mathematics Statistics; Experimental design
Fig. 3.

rkil

Table 1. SRM 610-Trace elements in glass:

o wrEe EHiikel gt EREStT Mywelerm @E
SR (Lead at 500 ppm-nominal)

ooTgkeh olElEr Ml idgie]l HET == oWl
Ael mEelegte o HES jfﬁﬁﬂ@u@"l Erhd,

I

[

Rod No. Analyst 1 Analyst 2.
Fike RS FwstA e 4oh ok Blelch fH
7% (personal error) vl il #HR] RSl FEEE 2 426.5 ——
oz g7l Bste] TR Ll L) WEHsr B J7 13 426.2 -

r ke B WA R SHry okl ofd 18 425.6 425.9
SRVI"] fige] ol Fikom s dvid AL W 48 426. 1 426.0
prvb dElA SRMel & Flelrvl. # 18 o=l IEEY 4l 58 426.9 428.0
Eope}Er® 66 426.0 425.4

b) el=] Bz H#aJiike] = B, FobA Lk 78 426.2 425.6
s omieyel e ERlkdE ek @iﬁﬁﬂﬂ s 166 425.7 ——
ek oA RS Tl B R (rect- T e s 42558
sion) & ZhAl Fjiseleh  2elvh o JnEel R -+0. 41 0. 40
(svstematic error)r} 55&:3] MWl olA XshA 059, L.E. vreore e +.93 +1.11

atgi=lel o) A Fak Jiikelwh ol A& A3 A E-E SRM
FoREE EM M EHshe koA, o SHEC
ke &S WETES R#MHEs WEEST RE sleh. o) 7o §¢ SRMoll #f3hod PiiEdiike] & =, 2.
<hul, S5 EfH] RTREE M (overall uncertainty) SRM-% fEfishs B H@HEEe] &L FRiEel o
el m}oq Hojol g}, FEok ojal HEEe M »o 3, TS A4EE BEe A g9 oeu o
Frp.w 2ol A miel U@ SRME Rane] SRM ##
o A4 Al fiEe i A § Bielgtr & e o 7 ifiste] MEASied of Tvk. #4R HI SRMel

(12)
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Table 2. SRM 1577—Bovine Liver Ao ®mES Hfk#sh, fEsSzA dvle HED
(Cadmium by 2 or more independent methods) Holl 3l A o3 g FEF S o o BHL
N C Oncgnt’;;;&;;; - #of ek Helwh. % o] FHEEe SRME Hiistd
Sample g - g W = EHTe. SRMe] EHgel g
| DM Atomicabsorp. Polaroraphy o g spMa foleti A2 gach asle
1 0.32 0.29 — Fie SRMe Akzke] SRMel| ¢}F 7p7b-% Zle)ojok 3
1 -29 —_— —_—— tho #E 3L o HHe] fel T,
2 .26 .24 026 BlEel #dEdigs sl o¥ 48 Fepo.
2 .27 .26 —_— 6 B A&
3 .27 .26 . 16* @] 1858, NBSHl 4 i - e =28 SRMe 2
3 .27 .27 —_— e B BT (Office of Standard Reference
4 .28 .24 .28 Materials~-OSRM) -5 @St ZEBA %ak oz} {HH
4 —— .27 —— Fpkol FlEcl. OSRM2 SRM 7S sy, H
5 — .30 .28 17 1,00088%f2] SRMel| 33} s} Hfp-s BT
6 .26 .26 —— t}. OSRM Hff#E-2 H%SRMe 7EH# BE, SRMe|
X og o7 o7 - Flig el B3 @AMt oy el 2§ SRMe L BT
- ) o VBl MR HRR EES st Tt
e o bS] 6 B ) q} SRMe| 5223 8L - f
Range (all results) 0.24—0.32 Eftfael B BEEE F7 53l Bessemer Steel
Recoramended value 0.2740.04 SRM 8j9] HiEHT FHel Soh (=g 5).

Table 3. SRM 337-Basic Open-Hearth Steel
(Carbon by interlaboratory comparison)

4. SRMe9| kx BE

Analyst Method/variation Percent A 5~64. «rololl B HEE NBS-SRM i#le
(Noe: Combustion step common to all) carbon SRMe| 43k S HiAste i 6% HES L.

e AN BLECT B s HABRERESST

Lo Grevimetrierls sample L8 pgrmo mme SRM MMEE Foich HUEITE-

2 Gravimetric-3g sample 106 mgpms owu 4 ERMSZ MEHD S G

2 \«olumetrlc—lg sample 1.06 24, AREES 558 o]—?ﬂ] {%go}_z] 23w Y- ]

. . : T H “

5 Crevmeicfactor welght Q7360 L0 Auobg oz 9w A AELE EXe 0@
3 Gasometric-1g sample 1.07 Bl BRaEe shalvh

4 Gravimetric-half-factor weight 1. 06 ERGRE Tl BAA TEIL HRHEL M

(1. 36g) sample 1k SFel TReb FH BEs LB ol AL ME

5 Cravimetric-half-factor weight 1.08 e g BisElsl Badde A ol &S F#shx B

(1. 36g) sample SHAl MlaEs 7F glejof dvh. o g SRMe| £k

Thermal conductivity-0.7g sample 1.08 & o} G} ‘Wgﬂ vlR o WA RG-S CRESHA

6 Gravimetric-0.7g sample 1.07 WEd 4 JA st 0]-—: RAeolch. B NBSHl4 =

o ZERIGHE Zf‘”m"ﬂ fFR= 2 o= el ss) RwhE

Mean-‘....‘...u-..-..-.--..n..-........-...4.-..-‘.-.....».‘-..1 07 T . .

4 Different methods < Wik B3y Hﬁﬁ{tgiﬁmﬁﬁﬁﬁ(Nltrogen dio-

6 Different sample weights xide permeation device-SRM 1629) ¥ %% SRM

All Labs used SRM 16d as control (SRM 1683-1687) -5 BHgEst ub glow=, EMEMERs

(Standard Reference Gases)o] Bt WFZ&E o} 2] i

Bt Qi3 Aol Mabe] EHE Aok S8 fiel Aoz &3 g Fy.

(13)
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HOW THE ACCURACY OF AN SRM IS ESTABLISHED

1. Use reference method run independently by 2 or more analysis. (NBS)

—or-
2. Use 2or more reliable and indepedent methods. (NBS) No reference method available.
—or-
3. Use inter-laboratory comparison systems. Allow serveral indepenent methods. (NBS plus cooperating
laboratories)
Fig. 4
NATIONAL BUREAU OF STANDARDS CERTIFICATE OF ANALYSIS
Standard Reference Material 8j Bessemer Steel (Simulated), 0.1% Carbon
C Mn P S Si Cu Ni Cr A% Mo
ANALYST Combustion Persulfate Spectroph Combust Perchlor Spectro Spectro- Spactro-
chromatogr Arsenite otometric ion Titr icacid de tometric tometric photometric
aphic ation hydration
1 0. 0812 0.505° 0. 098 0.G77°¢ 0. 0594 0. 022¢ 0.014 0.048¢ 0.015¢ 0.037
2 080 500 003 Lo .oast Loy uo {G81 oe om
) . . . 094! J— {.056"} opm Lll-’o’"} o 2
, 082 505 {ood o [ROL geor U e Lot Lom
< . 509 . 095" e . 063¢ m 110 s =t
4 080 {309 (Ge1) womse (22) Loz ( 113) .C46°  .015*  .038
Average 0. 081 0. 505 0.0935 0.077 0. 058 0. 020 0.113 0.047 0. GIS 0. 038
() 1-g sample, tin-coated copper accelerao-. (h) Alkeli-rz 0 vhdote.
() To.ent'ometric titat'o , (i) Same value 0 tained by gravimetric met! o1,
fe) T-g sample bumed in o«vgen at 1425°C and sulfur dio= (j» Dinhenvicarhazide pl o 0 aeiric metl 0d.
vide absorbed inistzrch-iolide colut’o~. o lire liberated (k) Ao O pt 01 spect 0 nefry.

t on olide by titrat o, during the .o abustion, with (1) Gravim
standerd K10, co'ut’o .
(d1 I o:ble dehvdrat o1,

ric=g, 27,
(m} NcO up:0'ne plo onctric mettol.
(n) Dimethylghoime gravimetric metl ol

1 Dhethyldith o arbamate plo owetric metl ol (0) Perovdisulfute o:datioa-Fe(NH,) (5Q,),~XMnQ, titr
(f Ch oium separated f on the bulk 07 the i 01 in 10-g ation.
sample by NallCO, hyd o'vsis. 0:idized with pe o vdia (p) Fe3C,= (N R,2,-KAMr O, titrat/on.

ifate, and titrated jo'ent o setrically with {er o's (g) KIO, ploon
amnr ohium sulfate. (r)

¢ metlol

Sili o o vbdate pi 0 0 netric metlol,
(gi V) fium eparated as in (f), o:idized with HNO, and (s) Ch
i odi 0 ent’o netrically with fer;o:s amr 0 1jum sulf-

ontum o :idized with reroydisuifete ard  titrated.

ampr Orwt:iml]\' with fer 01s amr 01'um sulfate,
ate. (t) KMnO,-KNC,«Uroe=5e (NH,), (80,

The materialfor the preparation of th's standard was prepared at the Carpenter Technology Corpora-
tion, Reading, Pennsylvania.

The overall direction and coordination of the technical measurements leading to certification were
performed under the chairmanship of O. Menis and J.I. Shultz.

The technical and support aspects involved in the preparation, certification, and issuance cf ths Stan-
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dard Reference Material were coordinated through the Office of Standard Reference Materials by R. E.

Michaelis.

Washington, D.C. 20234
April 10, 1972

J. Paul Cali, Chief
Office of Standard Reference Materials

List of Analysts
1. S.A. Wicks, R.K. Bell, and E.R. Deardorff, Analytical Chemistry Division, Institute for Materials

Research, National Bureau of Standards.

2. R.W. Bley, Inland Steel Company, East Chicage, Indiana.

3. R.H. Rouse, Bethlehem Steel Corporation, Sparrows Point, Maryland.

4. F.P. Valente, U.S. Army Materials and Mechanics Research Center, Watertown, Massachusetts.

Fig. 5 Certificate of Analysis, Standard Reference Material 8j, Bessemer Sted
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