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v IFENFENERSD | EiLEk/Ferric oxide ( Fe,0; ). &t
¥/ Ferrous oxide ( FeO )

v THREE RSN (Fe) . & (0) T ; (MREINIE (
Cr) Jt=

v TSEAEESESE (Ni) . &O). BE(Si)Tt=x

v 2[5 2019k ISPE” Water and Steam Systems” 15§510.4.
Rouge Composition/CIassificatlon1%%1%25}%‘55
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XERmAmkEHEIER (FDA)

FDAXSZL BRI, BARKXNEAK. RSN/ LZRETLAFHRFER
AP IR . AT R U 5 23X 2 2R S BE S R AR

v 21 CFR (BEIREHD) 45—, $211E%, DY&ET-1%4%, 95221.65 (a) -& &4
[53] :

"Equipment shall be constructed so that surfaces that contact components, in-process materials,

or drug products shall not be reactive, additive, or absorptive so as to alter the safety, identity,
strength, quality, or purity of the drug product beyond the official or other established
requirements. "

2% A AR T 23Rk 5 207 S B T AR R R
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XERmémmEEER (FDA)

=
v/ 21 CFR (BHEHD 28— %, 2118, Dy&ETi-iks, 9221.67 (a) -&iFHE
54k (711 -

"Equipment and utensils shall be cleaned, maintained, and, as appropriate for the nature of
the drug, sanitized and/or sterilized at appropriate intervals to prevent malfunctions or
contamination that would alter the safety, identity, strength, quality, or purity of the drug product
beyond the official or other established requirements."

B Mg RN EATTR . RgR (LRI IR 7€) I TH B/ BOE I HY A 30
(R AN oot A AR ST i {5 RS EATE /) Pl T Y e of i A AN
ST o B Bl R HY B Bl A B E R E

© Copyright Fresenius Kabi AG



WE O AFERSE

XEZ58 (USP )
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RRiMZSHEE ( EP )

BRI HEF Y RBAE. BESHIBSMHE. RNBEAEEFBRT"€R#ENL
FERE B RAN R GG REIRE" [73] E#HR T EE B2 a1 A a7
AR AKATEZERREY, SHRrHET20164£6H 1HHHICH Q3D (Jt& %
FIEEY [74184, EHRBEAIE TR (Fo) MEERLEHIAMEERRE .
241 2N R T U RMITFEEN A GEH 2B AR T4 (Fe) AMdE
R, RMEL (Cr) . 4] (Cu) . 4 (Mo) F14 (Ni) ZEHiL.

v ICH#E® Q3D

While it applies to all dosage forms, different limits are specified for oral and parenteral routes

of administration [74] .Q3D can be employed as guidance for conducting a risk assessment on
heavy metals in products and/or water systems.
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left: As-received surface (#:HiAFE) (2,000X).
right: As-received surface () i8F£) (10,000X).
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left: As-received surface (#:H i) (1,000X).
right: As-received surface (4 Fiff) (4,000X).
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left: As-received surface (£ ifff) (500X). i;é;lgﬁ
right: As-received surface (£ Fiff) (2,000X).
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left: As-received surface (£ Fifff) (500X).
right: As-received surface (#:Hi#f) (2,000X).
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v KSR ERR. EFKERHESMREMFHES TR  XEFEHEERATE
LIBInEERE , R ERINEREZNAZES. IE5R/KRE.

4 Corrosion can also occur in hygienically designed traps placed at various points within the system to remove
condensate and air from the mobile clean steam, in downstream piping/tubing to drains, past the traps, or in
condensate collectors. Reverse migration is evident in most cases, with rouge deposits forming above the traps

and growing upstream into adjacent use point piping or into subheaders and beyond; the rouge that forms in

traps or other components is found upstream from this source and continues to migrate both upstream and

downstream.

BIRB R RE R EE D ERAIFIKEET , XEFVKRLEERFTASTFL , A
isbrims] (BB ) AZSTPHSREKINES | B8 ERKSER R =TS
NiFEE LaERR S K SRR D RHFE R EEIK,. EEREE NKEE _ EEEER
BILT BRI RS AAREINR S EIEsI2BER | FREANGLERRNEE
H, XEENER, EHvkRCEEEH EERRILIENX—KIRRY_ L
I, FHTFERR LA T 8
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v Stainless steel corrosion products are encountered in a variety of forms. The rouge layer is crystalline in
structure and potentially dynamic, or capable of migrating downstream. its migratory presence is evidenced by

particles or deposits found on sterilizer chamber surfaces and on equipment or vessels after steam sterilization.

RENEUFAI SRR , AR L RERk, eSS
. RERBA TS EAKERENEEAE. RENSE LA TH
K TR B SR TR TE.
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v Water level sight glasses have also been shown to erode, releasing their silica and debris into the
system.Figures show Once removed, however, the surface reveals its low-level pitting and austenitic metallic

crystal edge deformation.

IR ESIEAREHRRIE , SE_|SWEMEREREIRSES. BRRT
—BXRE  RENEEEHRENRIRINSEL TR KRS BRI,

left: Derouged and passivated surface (500X).
right: Derouged and passivated surface (2,000X).
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v CS generators usually utilize terminal mesh screens to remove moisture from clean steam, while others employ

a baffle or cyclone separator. Some develop an almost uniform ferrous patina within the distribution tubing,

accompanied by overlying ferric rouge.

R E B R E AR MIEAZ SRR D DB HE |, MAEEAESK

F2ENEAREREEX D B PR EAZSTHYKT . XS T EDEEERN
Rk T TVFHSRIERMNERTS. FAELEFERMNE.

v’ Units with baffles generated not only a dark ferrous film with ferric oxide rouge beneath, but also formed a

secondary upper surface phenomenon of a soot-like rouge, which may be more easily wiped from surfaces. In

general, this ferrous, soot-like deposit is considerably more pronounced than the ferric rouging and much more

mobile.

——

BERNAEZR S LSRN EEANRERE LML T HEE SR FAY
EESUITHRE  MBEX—ELEEIN 7 SRERIRBIAE | XEHRFAREE
’éi@%ﬁﬁﬁﬁi BERN , XFEPAARILLE A LR S5 IR E B
JREIE R,
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Figures show conditions of the CS tubing in the distribution system
MR LR GEE
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left: As-received surface
(AR (1,000X).
right: As-received surface

(H: FAFE) (4,000X).

8811 28KV 20KV K4,008  1rm WD16

left: Derouged and
passivated surface (1,000X).
right: Derouged and
passivated surface (4,000X).

A815 28KV 1,888 16rm WD16E @816 28KU ®d4,000 ibm WD16
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left: Derouged and passivated surface (500X).
right: Derouged and passivated surface (2,000X).
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EERREISNTE/AES
WERFREEFE RS FIRNEM RS IR — D=, SRUERE
HTMSLANASFR (EHER10A ) BIA2FE (200-1000A ) AIER.,

As Cleaned Sample July 13, 2005 July 14, 2005
100 PEAK SCALING
FACTOR
CK 1.0 ——
90 oK 1.0
oL 10 —
F’L 1.0 ——
80 1 NiL 1.0 ——

70 7

R ekt
ey 90.15~0.2,

- rmvamesw B T 350%

Current = 1000 (nA)

60 7

Tk B BE

= S BROrE L FI120%,
eVICh = 1.0

20

20 1 Si02 Sputter Rate

/\—/’_’-’V‘—’_— 20 AJmin
Sputtor Rosolution

10 30.0 Secs./Depth
Ref:
Depths 1 to 80
L) L] L L] L)

0 —————
0 130 2680 390 520 650 780

SPUTTERING  DEPTH {Angstroms)  J[Jl[| =0 V2% i
© Copyright Fresenito waw: mo U\U ﬁtﬁig



EREEIGE/ AES

Passivated Sample July 13, 2005

SPUTTERING  DEPTH (Angstroms)
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oK 10

CrL 10—
Fel 10—
NiL 10 ——
PROFILE MODE
Relative Intensity (%)
INSTRUMENT

Accel Vollage = 5 kV

Curront « 1000 (nA)

Mod Voltage = 6Vp p
=5

#Swoops
eVICh =10

$10; Sputter Rale
20 Armin
Sputter Rosolution

- 30.0 Socs /Dopth

Ret
Dopths 11028

SR ZE 8 S R 22 T -
B IR & A T 2R 4L,
TER MBI RIS F,

e TS E,
XA Bl e, BR ek
Z kb ~N1.2~1.25



XHI& B FaEiEE/XPS, BFEIEF 2 HR/ESCA

AHT—LCETEAERME | EE3TEk (Fe ) | 38 ( Cr). #(S). B (P). M (Na
). HB(Ca) . A (N) LIRS (O0) . #& (C) mHEAEGERENARMNIAE.

Table A: Elemental concentrations (JCZE)

" Element Case 1: Rouged Case 3: Rouged Case 3:Passivated

(JLH) (RH1: a8 (RH3: 488 (Rp13: Hitk)
Carbon (%) 46.0 64.2 37.1
Chromium (%&) 7.7 1.1 6.9
Iron (%) 5.3 1.0 2.8
Nitrogen (&) <1.0 4.4 3.2
Oxygen (&) 40.5 25.2 47.9
Phosphorous (B§) 1.1 <1.0 <1.0
Sodium (44) 5.9 2.1 2.0

XPSEUREIIIEMFE IR ZTHIRE R RERARE , ARG T L5
2= 3N =

© Copyright Fresenius Kabi AG



QAT ey SRR S

CS systems can be monitored for metals in the condensate and steam flow, measuring the number and size of
particles from 5 to > 100 um.

TSRS A HEKAREIZSTHERE | WEHSUmMEXT
100um%ﬁ7|élEl’J§&_g-jDRTk/J\o

Table B: CS Systems, particulate counts (FA&B:4iZK5 &%, BhigH)

Size, ym >5pum > 15 pm > 25 um > 50 pm > 100 pm
Sample (¥ | Particle count per 100 mililiters condensate,®}100% - #E45 7K Bk 2L
1

EZDS>G 1 166 200 133 30

CSG 2 310 84 56 22

CSG 3 5330 6400 4660 166 18

CSD 1 200 45 21 34 1

CSD 2 404 81 26 4

CSD 3 2020 403 132 22

CSG: Clean steam generator, CSD: Clean steam distribution
(CSG: 4iziRKAR, CSD:4E 770 Be /24t
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v IBHIRE. BEERFIVENIIE  HRERSSALCEEL.2~2.5Z(8), #iY
[REEEL10~1518,

v BFAZES. IESIKNBVEREAR , FERIRFEEAR. IARYIEEF05HE
FOHIR L SE SRR EHE T | TR P B AR
NEREFHITHF R Bl aEZN EBREHI TR, HKITHAINE. LR
Bt E U,

v NMEERRIERAEME RN T ZRAKEARTMNEE |, BEERETR
INEEFIBEEA.

v 2[7)2019hk ISPE” Water and Steam Systems” #5F10.6 Risk Analysis —
Rouge and its Remediation

v SR LROMRIKIEE EHI IR,



WU TLTZ

B R SEAIBE A I

ASTM A380/A967 10-40%, 30-90min

B ASME BPE 2009  5-25%, 1-4 hrs
vE D

BRIEEY) ASME BPE 2009  5-25%, 1-4 hrs

R ASTM A967 10%, 1-4 hrs

Chelant systems  \sm a967 3-10%,1-4 hrs
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Grams of Fe(lll) Oxide per 100 Gallons
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