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2. HEPA 7 4 L Z Dt 7 v AtrEE i E

TN ENRL—SOHRBEEESER

L1 HEREE

BRI, -7V v ¥ (Oak Ridge) OF BT 7 v AR IABEINLH &
ZBExRAVWE, EBIR, 2W=v r1r8THE, BED2ARNEFig2 L1ICRT, MR
T XS Heat exchanger mixing chamber (GRAHA) 2548, 7408508 — 4B
HVABO7 4 w2 ZRARBICABRTELLILN->TWVE, B io2=y o HHEE%E
Fig 22 2KRY,

£BSMEIL32L/minT, HREI, 8L/ MnBBEFRDOF+ VT —H2RTHD, &
BAZRMERTRILINENRAB NS, 24 £/ min OERFERKEZDOF+ I T— T
B0, KRABRB=— L xnv 7 TREANE, TNTHOHNOEERH A L LB SEAR
F o YoXICEAT S,

H¥FY Y 7iE, Table2 L1 OIS REBREH £ LICEREER T2, M5 in
(127mm) OMICWEHL TRV 248EBH 5,

Table 211 koL —2EHREBEH

Sample exposure temperature - 100°F (38°C)

Total air flow - 32 liters/min
Relative humidity - 50% at 10OO°F
Corrosive test gas, conc(a) - 500 ppm F3-300 ppm HF
Length of exposures, h - 2 to 1000

(a)

The feed gas was Fy. After combination of the two air streams, F, reacts
with water to form HF. The concentration of F, and HF was determined by
analysis for F; in the 8-liter dry stream and in the moist 32-liter
stream. The HF concentration was calculated from the change in the F»
concentration,.
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212 BBy yILroRmE

P77, BRROLOEFERRObOTMEBRBE s N, RRICERL LS v F i,
TRERTEHETEUE - » - oHB 3N bOTEHE, ThERBROY v P11,
M15in (38mm), X5 in (127mm). FHEDOEDIZ0 5 in (13mm)Mic Uiz,
BEFEED BROLOKS1T, 5 in (127Tmm) DEFEHAO B LA, FHE0H
EMAT, RBRAEZHMOZOPLBMB L4 mmOBE EELABATONAERALTZDMEE
BEE Ui, COBRDOTRBIBRICHE LBEOREBABEE (%) & LTHE LK,
FERROF > T ORER, ARMERICIHERERREZAL, 20NEROMBEOBEO 1
EERABIRBE (%) & LThENELE,

Table 212 e L—2FEMHx475

Asbestos (7x~&A M)
Standard
Water-retarded

Kraft (7357 M)
Type E
Type R
Fire-Retarded Elvacet R
Nonfire-Retarded Elvacet E

Plastic (75xFv24)
Clear Plastic s
VCA Plastic v
PVC
Polystyrene

Aluminum (Faiz=wa)
0.0015 in. Type 1100
0.0015 in. Type 1145-H19
0.001 in. Type 3003-H19

213 HEBRER
BREBR
TANZMRE, BESREM 4 2BETREARELL, REHERES 72 e 4 &
EUlhke 777 MERRKBOEEOZMTH 5, RBEM G4 ~86hICBT L7,
7537 MVEORBERELITIR AT,
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Table 213 777 PEHRBRBER
{Exposure 900 ppm HF-300 ppm F»)

Exposure Time, Stiffness

Sample Identity h Retained, %
Type E ' 4 94
' 42 : 77
86 59
Type R 4 95
42 23
Fire-Retarded 4 90
Elvacet R 42 39
Nonfire-Retarded 4 75
Elvacet E 42 65
86 55

TIRAF w7~ 23 ABEEZ600HMNBEL, BEDIEHELTS ~83 B4 ®
Bl 1BHIEEOHMMERLL, Fig2 L3KTT LI, 412BM%BICIZ130 .
BEBZ, LOOOKHEEBE®RICLLDIOBEHL TS,
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Twi=vaZmZHiZsBBICEL THRR L., AEREMHI, 900ppmHF & 300 ppm F,
DBREAT 24232 L/ MnTHL T s, AOLEEHOHERVEXR, THRICRT 0%
HOTOW s, FRREFIg2ZLAKRT LIS I ZAF 9 7 BMEASS2 0 RE2NE o
AMEHFLTHS,

Table 2.1.4 ALUMINUM SEPARATOR MATERIALS TESTED

Alloy Composition, wt % Thickness,
Type Si/Fe Mn AT, min. 107 %in,
1100 Si + Fe 0.05 99.0 1.5
1.0 Max
1145 Si + Fe 99.45 1.5
0.55 Max
3003 0.6/0.7 1.0-1.5 Remainder 1.0
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SRR T OB R _

ERROFMH TN LBBRF TREIAROLAY, EhThoRBHFCHT 2RBERI
Table2 LERKRTEILL>»TE, HBRZHRLER—T&D, 900 PPmOHFEE,
300 ppmF. BEORAETCOORMOBERMETRRLIAERTH I, FTORS L RABIK
TIAF 72— 2OBERPNI 0FBEEZREL, TriovrEHitroTdEET
HBTEMNDH T,

Table 215 FETHRRFMTOKXBRHKE

96-h Exposure
900 ppm HF-300 ppm F»

Tensile Strength, 1b

Identification Before After Strength
Type (as received) Exposure  Exposure Retained, %
Asbestos Water-Retarded 4.43 (a) 0
Standard 3.31 (a) 0
Kraft Standard 8.90 4,08 45.8
Paper ' 0.013 in. PVC-Saturated 11.15 "2.40 21.5
Plastic PVC 19.56 18.75 95.9
Polystyrene 25,40 25.25 99.4
PEC 23.85 23,25 97.5
0.005 in. PVC 14,75 12.70 86.1
0.005 in. Polystyrene 26.25 25.63 97.6
Aluminum 0.001 in. Type 3003 14.50 18.50 127
0.0015 in. Type 1145 18.25 16.75 91.8

(a)Sample was disintegrated.

22 HEPA7J 409 OW7 vtk EHR
221 ARBREE :
CORBRE, XEAEC (BERDA) HHBEILE TS, SHEHETER Ih LR 7 v b
BHEOHLHEPA7 4 v HROMETH 5, HEPAT7 A VAU HMIERKOMILF —
13785 Type b6 KHTHEIUEEF >LHENHSE, (03 4mDF+» L »¥YDOPIT
oV ARRBRICX IR KEBEBE 00D %)
Belin 54, HEPAZ7 4 v 2 0RBEERETICE D, BBELFY I prito 7
Wh=9 AEIRBERTIT ~He, 7o 2IF Flauders Filtevs#F (v vy b)Y 8os o
TAECOHERE LY ¥ — (QAS) THHREEREINABRATH,. UEBRRERER
Table 2.2 1 CRT, ofOMRIT, BAMHT AN M3 4%, L-1347 327 74
N—66%%=RALIEDOT, SEREHFDONA VY FEEFATHS, (Appendix A OHE

—9—
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TZMER) HEREG-L7v b=v2@REREZ, 1150030 07412054 8
HEENTED, ZREAEBE, 9000 cfm (1255m°/ min) THhd. W7 v (LB HEPA
ZaniR3Ios5, 1REBCHBLUTHLEDEICETHY, (AEHEIL, BEXTH-70,
BETH DR FTHE>LDT B, COBABE2 Y o —MRELSATOR LA EAN
KELT S, LEVER, BRI/ 0—THy 1 ADSAVALOT, REFTESTD
DEEATIS,

MR 2~ &

7 v ibKFE

ZXRBRILY

TS EEST

B e s — 4

K OE K

BEETEL 7oy

1] et SR v AN

HEE7 29 A

. YREOFECLVRELENTRYE

O~@ICR LR OMBE R EBBECE T 24, AELOY Y 7Y v 7 ORI LNT,
EXBD066~98 ppm (vol), MA15~19ppm (vol), 7 v bkEINEX
R11ppm (vol) Th-t. BREBMERE TS vF 2~ A->THELLZbDOHICE
379 %A+ (F7) 0B 100~400 ppm, BWEA 4> (CL£) 12 L000~1900
ppm, WMEA A (vos ) 3600~12000 ppm, KEAA4>¥ (H™) i34 X 10~° ~
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Table 2.2.1

' MANUFACTURER AND QUALITY ASSURANCE STATION
RESULTS, RESISTANCE, AND PENETRATION TEST
SPECIAL HF-RESISTANT HEFA FILTERS

Resistance

Filter Media Penctration

Serial Roll @ 1000 cfm @ 1000 cfm @ 200 cfm

Number Number Separators QAS Mfg. QAS Mfg. QAS Mfg.
384090-D 2 Aluminum 1.30 1.60 .06 .040 .08 046
384091-D 1 Aluminum 1.40 .92 .10 .26 .12 .22
384092-D 2 Aluminum .80 1.56 .14 .060 .12 .070
384093-D 2 Aluminum 1.30 1.66 .028 .098 .032 .098
384094~D b3 Aluminum 1.40 1.68 .030 .088 .034 .098
384095-D 3 Aluminum 1.45 1.58 .010 .034 .014 .036
.384096-D pis Asbestos 1.30 1.72 .040 .066  .050 .074
384097-D 4 Asbestos 1.04 1,38 .12 .32 .12 .38
384098-D X Asbestos 1.00 1.20 .16 .34 .20 .48
384099~D 4 Asbestos 1.10 1.26 014,022  ,018 .024
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222 HRERHRE

BB, 197445 AREBORBIRE Ui, 4ARELASS 241 10 ANORE
ZRTLTTRIEROAL, BOO2 B2 4BMEBLI0ABMOALL. XY 5
AT a8, ZOT 4 ENYICERBLTVEES, B¥2~3 7B LRHESET
&9, oMBELARY, IR, LEMoOR D e FoBaMLELERT LD L,
RESEONRLELERE L. LDL, COL4EDT 4L ZEDDTRAGCEERELE L,
T ZA4BEROIEDERATENLLVS CERBEENR LT, REDHEPA 7 4 V42 T3
AAEEEZELZIONSG, BRE7 V2T =y A TEBRERIATHROT, HISED
WELE LI E D, BRAENKELBokbEVILSBBREITEEL -7, KFEHBER
CETHEBRELLBETE, 74020 OBRLRMETE L, oo LLEHS,
NAYEPRELR T, —HOOHBFELTHEC EBERENL, LE-THT 412
BMEBLEOTRED, #0742 uM@dRE 15 H, BB T3 sy AMEERA T 2,
ZNLBRR 7 s VB OB OED BT ZNENS D, 7 v E0BliCH>NTR,
Geer RICEZ 5 THBARSNTOEMMOA LA LTI el RETH-LEE S,
RBRLAMHFHEoHBNEr ARIKBOTEA S, T TOBEARKEBOTEMLLTHED
27,

AHOEGZHROER, FLOBHFHEO? s vz aftiR, BRoH 7 8 o KICHE
LIZEDICERLT BT Edbd -1,



1) Metallic Fibers

T A=K7 o adEMBE

( Reasons for Non-Acceptance for Project 586 )

Corrosion Price D.0.P. Penetr
terial Code Specif. Supplier Resistance per Lb, Suitability Objections Air Resistance
inless 304 12 u Brunswick Fair 539 Fair Cost and

" 304 4 | " " 560 n Insuffient
" 347 6.25 u Texas Instr. " —-— " BF Tolerance
" FM204 Sintered Huyck " —_— 1 " High
' Felt
" Porous Mallory " — " "
Sheet
ckel 13 Brunswick Excellent $12-513 Cood Cost
rous Nickel NU30 Stellite " —_— o W
' Union Carbide A.R, High, D.0.P, Fai
ntered Nickel Fiber FM1204 Huyck " - " " A.R. High, D.0.P. Go
2} Whiskers
licon Carbide Carborundurn Excellent $250 Fair Cost
oron Nitride 5-7 u " " $175 u "
orofil Texaco " — n "
apphire 6 u Thermo Kinetic " $7500 " n
otass Titanate Tipersul lu DuPont Good Low n Low Strength
3) Basalt Fibers 0.9-1.0u Russia " " n No U.S.A. Product
4) Organic Products
Teflon Fiber 20 DuPont Excellent $20 " Fumes in Fire
Teflon Felt " n —_— " [ D.0.P. 90
Kel F Fiber 2004 1y M n $20 " 1"
Chlorinated Polyvinyl Chleride PC5, PC9a 1.3 p Russia Good Low Good " No U.S.A. Product
Carbon Fiber 8 u Union Carbide " High " Rejected by

Argonne

60-T8—1¥8NZ
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3. HEPA7 4 V& D7 v bk E k8

31 BEISIUITFAE (1)
311 B
(B cnv s —OWMHFHHRSR | 2EBT2ICHD, HFERET S EABCHEER
IRAMBEETLN, COIRIMBTANVE—REZBZEBRS>OTHET S,

312 HERESE
« 7w fbKEREEE (Fig 32 1 A—0RBREHE )
* NaCLRAEEBRUSINEE

3.3 HBFHE _

B NEHKRE B 7 v4—DHHFERBE] CRA—SRBETT~~FTYV I T35,. K
BRERCEHE VLR LER, BMELEHET S, IO NaCLBEDEROE(LE
BEJ 35, '

314 HEHER
£ B £ # Nacliz L 2 &z ,
No ‘ — # B o
MBREE | 2EHR | SBEE &= % Bl | B B &
1 |8N.60m& | 48R | 30£/min J:Ei:z-‘Tﬁﬁ{HlJéﬂe 99.99% | 99. 99%
BEEINL
2 " n 40.4/min %;gg — KK H " imgég

L, TwMsk

3 " " u " n
RENL

315 HRoOFME
WMERENGE6O0mMLA3 0 £/ min, 40 £/ min CEABE~TI Vv LBEIH-ER,
AB (BR) BLUNaCLHEDERCHILEMRIED ONEDb -7, ThiZEMET « v
B—DEBMBIZRT7 s A N—LBOTHBRIALOEESLELbDEBEbR B,
(7 «v& —ORHFREREBR] T Fdhid, HFBER7 42 —TEB LIS
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Wi, No20@E#EgE7 s vg — 3 LHRAUASTHRAUA~BSEL THWIBL T 7od8, HHh
LCofRRAEEDLN S,

B#

//4%%

~

Fig3 1.1 No2 HEPA7 ¢ /v& OWBRR

32 BEISVOFTAM (2
321 H :g)

FIEFICEBE L T B 7 ok ) v L EHMBOLERBICXD 7 v fbkFERLEXRE, &
HHE7 v 2 —oMEIRBERBCBOT, JIRBESBREL TV I BEMECEEL
EZARTELT, BETIEZ 7 vt KFORIIK, RELAFBOZELEIIN, 20
HBEE, MBOARLE Ty F R PEEEL A,

322 HEa®E
o YYD 5 —
* NaCLREHBRUSITEE
« BIIRREARE (&, MmEMREI
A YR o Model 1123

323 HBHE

8N 60mLOBBMBERENTV V738, RETAMBI A M2 BAEHER 74V £
(0.3 um DOPICT 9999 BLL L OHEHE, ERHKERIOONL /min) KAL 12, HE
5A4AVETRIERT. MBI A FRERIK, NaCLit X 3 HEDRRAL, SERERBRLE
T ote, BIREEBRFIE, JIS—K—6301, #v~niRk1E%E,. 8IREEFIZ 10mm min
THbo
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(r)
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SNEE
AT — BT 4 B — WEH NaFtr7.7 U ET R
Figd2l ®WHEB77v7 7R EBR%E
324 HEBESR
Table—1 & B & &B
B 2 B upere| mEso |Nacack smsms .
la &2 & 8 % | onmala wleenzse] @ 2= 2 E
Bk | mEw & o OWEE B RE
8 N 99.99 % | 99.99 % | EHMI**| 952.8 £ 50.0 gr
4 |W B | 30£/min | 4FFRT | ~ 50 me | RELL
(60me ) 2o k|8l k| THMF*)1006.9 £ 35.1 gr
8 N EHEmuFE*| 10047 + 35.0 gr
§ W B | 404 /min | 4K | ~ 41 me | BELL " r
(60mL) THMER| 9929 + 36.4 gr

* BREMO7 v —EHOBE®RE: 1006 £ 98 gr
¥* Figurel B R

325 WRORR

PERT7 s vE - oHOBEREREIEL, Table— 1XRT LK, RENORIBHER
BRERLIEBLT, BREBORRESATE, £k, HARKEEAATOINREEIL,
Figure LR ZLHIC, BRI EIAEZER B LALED SN O,
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33 W7wibksxE (HF) HHEER
331 H i
U7 yRFEETE, A7 v VvEERLTOSS, CORT vy 3 ySERDIIC
BETA2E, BRAOOKFITMAKGEBEINT v{bKEBEL B, 7 v LXFRET 2 &M
74»ﬁ—®%ﬁéﬂ5kb.7vmmﬁ®%@ﬁ%%ﬂﬁf—ﬂ&bt,%%%ﬁcﬁd
7o

332 HBREH
o 7w bk BREEE
* NaCLRAXEBRUSITEE
oA A A — 4
o BlERGEBEELER S (BINESmERRR)

333 HMRBRAE
(1) 7 vt KFEDOREFE
BRERIC7 wib T P O L2 MABEREANTV 73T, 7o {tkBEREZY, EB

A7 «vx— (03DOPICH LT I99THL LORWESE, HEE 0L min) i
B REEFA D7 » (LRKFRBER. BEE7 V4 - OREBEU ST NaF 5 v 7,
BEBLIOTAAVORKIEY v ) v L TRD ., RREBOT oy 284 ¥ 7 6% Fig.
33 1IKmT. QOWAHHFRELEBTHY, NaF L HBSOERBEL T 5, (HeSOs, 12N,
20mé, H,0 10mé), $ARBEBONAEER%. Photo 0ITRT,
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4 HEBRER

HF #E O #lE

Fig— 1 2iR2EY, S¥E7 s vg— (UTFTHEPAT 4 v ) KEHAE N B 7 v KFR
(HF) BEREMLEGIBAL, HOopmilETET 2. 74 VE—~DOREBRE OHE
RRESEL (RE, ~7) v 70REA, NaF L H S0, OBAGRNE) KEXDRERLDID,
HEKREEEORERBCHANL L, #d-T, HFBECHET 7 -2 3R2BRTER

KT EEALESIN L TR R TH B, 74 V2 —THTRAEL-HFBES

REEOETRBKRET, 74 VvE—afBTIRT 74— ThHbicd, RLELHFOD
—EHaHEEEL, THAOCEERIRAMOBE LI VENDENL TS, HF DB
HE %

_ (FHMOHFBE)
(RO HFEE)
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A1

Development of new fluoride resistant HEPA filter medium (TID 26649) Dk

APPENDIX
A. Procedure for pilot plant production of HF resistent HEPA filter medium
B. Correspondence from paper manufacturers

C. Significant events and problems encountered during development of HF-resistant
filter medium

D. Test results
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APPENDIX A

PROCEDURE FOR PILOT PLANT PRODUCTION OF
HF=-RESISTANT HEPA FILTER KEDIUA

MAT ERIALS

Crocidolite Asbeetos, Grade H, North American Asbestos Corporation,
Chicago, Illinois. ' :

Special Glass Fiber L.134, Johns-Manville Company, Waterville, Ohio,
Labino Pilot Plant shipmente of Sept. 26-Oct, 10-Oct. 31, 1972,

12733 Fluorel Elastomer, 3M Company, St. Paul, Minnesota.

Diak No. 1, Hexamethylene diamine carbamate, Du Pont Organic
Chemicale Department, Wilmington, Delaware.

Total Action Fabric Fluoridizer 2829, Du Pont Organic Chemicals
Department, Wilmington, Delaware.

EQUIPMENT

Wilden Double Diaphragm Pump M8

40 feet head at 100 gal/min. air of 90 p. 8. 1.

200 feet head at 20 gal/min. air of 90 p. a.i.

Wilden Pump and Engineering Company, Colton, California,
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Educter 6%A
Penberthy Division of Houdaille Induastries
Prophetstown, Iilinois.

Vorject Model 208 A-e, with elutriation secondary assembly
Nichols Engineering and Research Corporation, New York.

Vibrating Chip Screen
Allis Chalmers Company
Milwaukee, Wisconsin.

Beloit Jones Niagara Type Beater
Capacity 500 bas. -
Pittsfield, Massachupetts.

I'TT Jabsco Pump Mousl 3200-01
Costa Mesa, California.

Foaxboro Magnetic Flow Controllers
Fexboro, Massachueetita.

Sandy Hill Rotoformer, 28" wire covered, 4 feet in diameter, drilled face
similar to suction couch. Thrae suction boxes within cylinder., Headbox
equipped with adjustable pond regulator which moves vertically and hor-
izontally.

Clothing - 10-mesh backing wire, 40-meeh iatermediate, 80-mesh face
wire.

White water removal by means of two vacuurn separators connected to &
Nash Hytor H-T pump and two Goulds centrifugal pumps for water removal.

Pusey and Jones, 31" Fourdrinier with four 8" width silicone carbide faced
suction bozes, Black Clawson brass suction couch, Chromium plated
receiving drier, Six 24" driers in first section. Three second section
driers. H-7 Nash vacuum pump driven by 1765 r. p. m. motor through
V-Belts and pulley reduction to 860 z.p. m. for auction couch, Suction

btox unit driven by 1750 r. p. m. motor with V-Beits and pulley reduction

to 1160 r.p. m. for suction boxes. Fourdrinier, direct drive, shake driven
by variable speed 3 hp. motor, '

Clothing 70/52 long crimp bronze wire,

Headbox equipped with manifold-type inlet.
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10, Spray Systeme Company, UniJet Nozzles, Bellwood, MNlinois,
One bcom with 3 nozzles §S 11002 for Diak.
One boom with 3 nozzles SS 11002 for Fluorel.
Two boome with 4 nozzles each 650033 for water repellent.

11. Draihage Rate Tester
Designed by Interstate Paper Company, Riceboro, Georgia.

12. Clark Fiber Classifier, Model 46.

13, Shot Separation Tester
Designed by Johns-Manville, Waterville, Ohio.

14. D.O.P. Penetrome‘er
T.D. Associates, Baltimore, Maryland,

15. Noble and Weood Rapid Cycle Beater, 51b. capacity driven at about
265 r.p.m. with 7.5 hp. motor.

PROCEDURE

A. Processi_ng of 1.-134 Fiber

The batt of fiber is pulled apart and fed into a funnal 24 inches in diameter,
together with water. The funnel is connected to 2 Wilden Ai: Diaphragm Pump where
the 2ir pressure is regulated at 40 p. s, i. to force the {fiber into an Eductor. There
high pressure 60 p. 8.4, "motive water" disperses the fibers in the venturi section of
the Eductor and forces them into & Vorject Centrifugal Cleaner,

The fibers from the top discharge outlet of the Vorject are carried through a
two-inch line to an &llis Chalmers Screen equipped with a 100-mesh wire to remove
free water from the fiber slurry. These fibers are free of objectionable shot as

determined by the shot separation fester designed by Johns Manville,

B. Efocessing of Asbestos

Grade H Asbestos is dispersed in a procedure similar to that used for L-134
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Batts. The Wilden Air Diaphragm Pump, operated at a compressed air line pressure
of 44-48 p.s.i., forces the asbestos slurry into the suction side of the Eductor. Motive
water pushes the slurry at 25-30 p. 5. i. inlet pressure to the Vorject. The top dis-
charge shows a .back pressu.e of 5 p.s.i. Asbestos discharged from the top outlet of
the Vorject is discarded because of its low corrosion resistance nd hagh ultrafine
content. The asbestos pencila discharged at the bottom of the Vorject are coliected in
a screen box with a 50-mesh wire.

Drained pencils are furnished to tl.e Noble and Wood Rapid Cycle Beater
at 4% consistency and beaten £ minutes with the bedplate adjusted to 0, 005-inch clear-
ance. The processed pencils are then passed through the funnel, Wilden Pump, Eductor
and Vorject. The accepts from the Vorject top discharge are passed to the osciilating
screen for removal of ultrafines and {ree water through the 100-mhesh wire of the
n;;een. Rejected pencils from the Vorject bottom discharge are collected in the
5C-mesh screen box and reprocessed in the Noble and Wood Beater and Vorject.
Accepts from this pass are combined with the accepts {rom the previous pass.

Combined accepts are tranafe-red to the Beloit Jones Niagarz Type Beater,
ailuted to 2. 0% consistency and beaten af a roll clearance of 0. 002 inches for two
minutes for an Interstate Drainage of 90 ml., as determined by the Interstate Drainage
Tester. This instrument consiste of a plastic 1000 ml. graduated tube with a2 paper
Tuachine wire cemented into the open bottom. A fiber suspension of 1.1 grams per
10090 ml. water at 239C is filled into the graduated tube and an accurate timer is starto
when : rubber plug below the wire is removed. The volume in millimeters drained out

in exactly 5 seconds is the Interstate Drainage Rate Test.
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C. Papermaking

1} Fourdrinier: Asbestos is pumped to the No. 2 machine chest, diluted to 0. 365
consistency and adjusted to a pH of 6. 8 with concentrated hydrochloric acid. This
chest is equipped with a variable speed, 30-100 r.p.m., §-blade turbine type mixer.
Speed is just high‘ enough to give a well suspended slurry. L-134 fiber is transferred
manually to the No. | machine chest equipped with a constant speed, 155 r.p.m.,
4-blade agitator, L-134 slurry is adjusted to 0. 35% consistency and the pH is
adjusted to 2.5 with concentrated hydrachloric acid.
Two model 3200-01 Jabsco Pumrps a2re used to pump aabeétoa and L.-134
slurries to two Foxboro Flow Controllers adjusted to give a ratio of 66% L-134
and 34% asbestos to the su-tion side of the fan pump. Whire water or fresh water
is added for dilution and more hydrochloric acid 1 introduced as necessary to
maintain the pH at 2. 9-3, 4, The consistency at the Fourdrinier headbox is contrclled
at 0.50 to 0. 67% with a slice opering of 0. 377 inches and stock temperature of 62°T.
Tne shake is 170-176 strokes per minute and machine speed 25 feet per minute.
One-inch .wide bands of tape are placed on the wet-felt carrying roll at the
outer edges of wet felt. Thesé banda. are of sufficient thickness to prevent éxosling
of the filter medium between the rolls and wet felt and permit the tape bandsz to drive
the wet felt.
2} Rotoformer: The same stock, chest, pH. pumps, and flow controliers as for tha
Fourdrinier are used. The consistency at the Rotoformer is controlled to 0. 037.0.041%
The pond regulator af the Rotoformer is adjusted at the bottom inlet to 3,5 i.nchjen

from the wire surface and at the top end 1.2 inches.
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D. Spraying duri apermakin

§) Diak Curing Agent at 0.2% solids basis is furnished from a 316 stainless steel tank
pressurized by compressed air fed into tl;e top of the supply tank. The feed line to the
apray head is extended through the tep of the supply tank to one inch from the bottomh.
Pressure in supply tank is maintained at 30 p. s. i-. g to convey the Diak to the spray
head which extends across the width of the paper rmachine. The head is equipped with
three UniJet Nozzles No. SS 11002 with a flat fan type spray pattern. This gives a
delivery of 0,17 g. p. m. /nozzle at 30 p. 8.i. Nozzles are on B-inph centers acruss the
head with center nozzle over center of machine wire. Spray tips are pos{tioned 12
inches above the machine wire at leading edge of Na. 4 vacuum box.

2} Fluorel Binder at 7. 0% sulids basis ie applied in the same manner as Diak. except
that the nozzles are positioned to spray 4 inches from the Diak tow;ard the trailing edge
of No. 4 vacuum box. Care must be exerted to keep the apray area free of draft to
prevent mixing of the mist from the Diak and Fluore) apraye before- pemetration into
the filter medium. Mixing of Diak and Fluorel mist creates gummy particles that col-
lect on the surface of the formed she;t. resulting in an undesirable buildup 6n felts and
driers.

3) Du Pont Water Repellent is used 3t 2% as received. The pH is adju.nted to 3. 0 with
acetic acid. The supply tank and air pressure are the same as used for Diak and Fluo-
rel. The outlet line from the tank is fitted with 2 tee to accomodate two feed lines, each
equipped with a spray head; one for the wire side and the other for the top alde of the

- sheet. Both heads are equipped with four No. 656033 UniJet Nozzles designed to give a
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flat fan-type spray pattern and deliver 0. 029 g.p m. / nozzle at 30 p.8.i. Nozzics
are spaced on 7 1/2 inch centers across the head for even spraf distribution acrozs
the width of the sheet. The heads are mounted between the couch roll and wet felt A
with one head above the sheet for top side spraying and the other below the sheet for
wire side spraying. Spray tips on bcth heads are positioned §5 inches frurn the sheet.
This combinétion of conditions, low delivery nozzles, 30 p.s.i. air blanket pressure
in the feed tank, and distance from tip of spray‘ to the sheet gives a very fine mist
fur even migraticr of material in the wet sheet.
4) A blanket of air pressure in the ieed tanks is used to propel the spray for the
following reasons:

(a} The Ligh degree of stability of the spray pressure.

(b) There is no danger ~f temperature change caused by friction in pumping.

(c} Fluorel becomes gummy when using various pump:z resulting in plugged
spray nozzles and frozen pumps.

%) Rotoformer Spraying. Medium formed on the ﬁotoformer ie sprayed the same as
for that on the Fourdrinier, ewcept that Diak is sprayed at the leading edge of Ne. 3
suction bax and Fluorel is sprayed 4 inches from Diak spray toward the trailing edge
of the No. 5> suction box,
E. Drying

Sheets formed on the Fourdrinier and Rotoformer are dried in the drying -

section of the 31-Inch Papermaking Machine and formed into rolle,
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APPENDIX C

SIGNIFICANT EVENTS AND PROBLEMS ENCOUNTERED DURING
DEVELOPMENT OF HF-RESISTANT FILTER MEDIUM

TENSILE TESTS ON INSTRON

Naval Research Laboratory has accumulated many valuable tests on filter
media under very careful specifications, Tne Herty Instron inatrument was recali-
brated as specified by NN R, L. The cross-heddr speed was establirhed at 0. 05 cm/
T:nute. TAPPI Standard T 404t 66 specifies a time to break in 8-12 seconds: TAPPI
published a revision T 494 in TAPPI 52(9)1795 September 1969. It was later found
that NRL uses a speed of 3.05 in. per min, which is equivalent to 0. 127 em/min.

Mr. Humphrey Gilbert, U. 8. Atomic Energy Commission, Division of
Operational Safety, specified in 1972 to adapt the TAPPI specification of 8-12 seconde.
Tests at Herty transzlated this to a ¢crose-head speed of }.27 cm/minute or 10 fold
the M. R, L. speed. The time to break spercifications is awkward for tests: "Tensile

after fold" or "Wet Tensile, "

Teats made on Flanders F700 received 8/7/70.

Crops-head Speed M. D. C. D,
0.427 cm/inch 4. 01 2.72
1.27 " 4, 66 2.78
2.0 " 4. 60 2.96
5.0 " 5.08 3.02

SPECIFICATIONS FOR CORROSION RESISTANCE

Mr. Gilbert specified in a meeting on July 19, 1965 (held in the office of Mr.
W, L. Anderson in the U, S. Naval Research Laboratory, Washington, D, C.), a con-
centration of 0. 5 mole percent of hydrofluoric acid or 0,5 g per 100 ml.

Mr. Gilbert related on July 21, 1965, a telephone call from Argonne National
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PAPERMAKING CRITERIA FOR FILTER MEDIA AND FILTERS

Mr. Andcrson in a retter o March 23, 1972, to Mr. Belvin, discusaed possii‘le
rauses v hy the ﬁrlst Hilter media made on February 24, 1972, {or fabrication into B-siz
filters «t Y.. .rders Company cansed lecakage for 1), O, P, at 20% of the pleated ends.
“"The lvakage areas were created by either snearing of the media at the separator end
and/or a2 separaiion of the layers of the media at the reverse fold position. The form.r
would result when the overail tensile atrength of the media was E;Jfﬁciently low so that
the media cousd not resist the pressure of the separaror and/or the pull of the pleater.
TLe latter would sesult when the fiber length was so short that an integral web could
not be formed or where NHiber formalion on the wire was accomnplished by a flockerd
rather than a dispersed system,  Page 2 and 3 of Wente and Lucaa Industrial Engine-

ering Chemistry 48, 215 February, 195u, described formation mechanism. 1a general,
3 delaminstion vecnrs at the boundry position of the flocked fibers and when this occurs
at the pleat end. a physical “flaking ' of the mcdia occurs. "

The February filter media of B0 feet in length without a single splice was
demanded as 2 single ply sheet from 66% ol the very short L134 old fibera, high in
shot, Thiz L3134 had only 0.97% of fibers retained on the 14-mesh screen while the
later long L.134 from anhydrous chemicals lLad 14. 0%. The old L)34 contained only'

9. 3% {iber: retained on 30 mesh, ‘vhile the new one had an amount of 30.4%. The

2 and was much

February media was high in basis weight with 86. 6 pourds /3000 feet
stiffer with a Taber C. D. of 14. % in comparison }5 two competitive media with C. D,

7.5and 7 3. Air resistance at 138 mwmn with 2 D. O. P, of 0,040% were satisfactory.

_41'_
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Dry tensile of a flat, not fc'ded, sheet was high with M. D, 3.46 C. D, 3.41. Tensile
after fold was below the specification of 1.25 pound/inch,

Mr. Anderson's hypothesis of delamination at the boundry of flocked fiber, de-‘
ecribes what most likely cccurred. In a letter of April 7, 1572, he confirmed upon
inspection of the fabricated B filters that delamination was worse on the top or felt side
than was found on the wire side. The dispersion of 475 glass fibers was much improved
by pH adjustment. L1134 .iLer became betier dis.persed at pH 2. 5 with hydrochloric
a+cid but was not equal to 475 fiber, Crociaolite of higher fiter length at a basis weight
above 40 pounds did not ilﬁprove with chemical dispersants. Confirming recent obser-
vations with wet Jaid nonwoven products, only hvdrodynaimic conditions helped. The
velovity of the slurry with the 4 large tubes was increased by using 6 tubes of minimum inside
diameter. A sirnulation of Voith Company's Hydroformer with a plexiglass plate above
the wire 1o the first suction box prevented reflocculation of the fiber suspension on
the top side. The space between the couch rell and the first box below the fourcdrinier
u-irel- was filled with foil or vacuum boxes with graduated draining to freeze the formation
of the wire side layer, which was oriented by the moving wire,

A modern paper machine would have a bottom and top side wire., The latter re-
Places the stationery smooth plexiglass sheet of the Hydroformer. Much effort was
necesaary Lo avoid streaks in the mac.!'.ine direction and forming flocs in contact witﬁ
the decl;le-edge tulers. They had to be fitted precisely to avoid floca,

The August 18, 1972, filter media for Flanders was maae with 49. 5% new long
L134,16. 5% old short L]34 (to save the limited supply of new L134) and 34% delaminated

crocidolile pencils. Three single-ply rolls low in basis weight, 41-45 pounds/3300 feel.z.
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were made of good formation. The B-type filters made at Flanders ware much better
for pieat leakage than the February making.

Very good B-type filterp were made by Flanders from the two-ply November
15, 1972, run.

The 10-inch paper machine was improved by changiug the fourdrinier from
horizontal to an incline of about 18%, The 66% new long L134 {iber waa adjusted to pH
2.0, the delaminated croc.colite to pH 6. 6, the pH of the blend was 3.7 at a fairly
nigh consistency of 0.2%. Imers.tate drainage was 190 to 200, '.l'hc Clark Fiber Clasz-
sification wap applied to the blend to have a record of {iber length distribution. The two-
ply sheet had a basis weight of 67, 8 pounds., The caliper was in the right range of
©v4.5:16. 1 mile, which was considered previously to be most uif_l’icult. Aly resistance
at 95 mm D, O. P, 0.064%, tencile dry M. DD, 2.44 C. D, 2, 02: tenpile after fold 1. 49
pounde finch, safely above the limi¢ of 1. 25% and combustible about 5. 0%.

The Taber stiffness was in the right range using a blend of 25% Kel-F 270) and
157, Fluerel 2733, This trial establiched that satisfactory filter media can be produced
with good HF resistance. The single-ply trial on the pilot plant fourdrinier wan as good
as cat. be expected from a first attempt. Mr. Anderson commented on falluze to meet
P oposec;l speciﬁcatiohs consintently in tensile strength. After an initial trial on Juae
21, 1973, only 5 trial rolls were made due to the limited supply of n‘ew long.134 fiber.

Tensile M, D. was ample with 2,72, 2.77, 2.84 3,11 pounds/inch. C.D. tensilaes
were somewhat low with 3.67, 1.81, ;. 88, 1.90, 2,10 pounds/inch. The most critical
test for goo! performance at the pleat ends ae verified at Flanders in labricating the

1000 scfm filters and in their vee at Rorky Flats wae 2. 14, 3.09, 2.42, 2.60, 2.57
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pounde/inch far better than the specification of 1.25, D.O.P. was at 0.043, 0,033,
0.020, 0.019% or considerably better than that produced in the two-ply sheet on the
10-inch machine :;n November, 1972, Air resistance can be controlled. As explained
“in detail in the discussion of bindere, the content of combustible can be reduced at
least to 5.0%. the level of the Novernber trial. The caliper will remain low until the
two-ply construction method of forming is adopted. The basis weight at 66-68 pounds
is only somewhat highe= than current filters. |

Dr. Webe:r supplied strength tests for a mecis with & good performance record.
He found tensile teste of 131, 199, 294, and 350 grams., QObviously, more tolerance
should be granted in the initial short triale of a more difficult sheet than fer the curremnt
reference sheet for filter media,

The established specifications as modified by Mr. Gilbert can be met with the
possibie exception of dry tensile C. 1> of 2. 5 when previously 2.0 pounds/inch were
sufficient.

It remains to be seen if the recommended Rotoformer-Fourdrinier twe-ply con-
‘straction will make it easier to ;ﬂnain dry tensile C. D. of 2.0-2.5 pounds. The far
mo~e important tensile after fold, which ie critical for good pleat behaviour, has bees

exceeded in many triala.
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APPENDIX D

TEST RESULTS

TABLE INDEX

1. TESTS ON FLUORIDE RESISTANT FIBER
IL CORROSION RESISTANCE OF FIBERS AND FILTER MEDIA
I, EFFECT OF BINDER ON CORROSION RESISTANCE
IV. CORROSION TESTS BY DR. WEBER
V. TEST RESULTS OF HERTY SAMPLE NO, 50
VL TEST RESUL.S OF HERTY SAMPLE NO, 52

VIL TEST RESULTS OF HERTY SAMPLE NO, 53
VIiIl. TEST RESULTS OF HFRTY SAMPLE NO. 56
IX. TEST RESULTS OF HERTY SAMPLE NO. 57

X. TEST RESULTS OF HEKRTY SAMPLE NO, 58

X1, TEST RESULTS OF HERTY SAMPLE NO. 59
XIL TEST RESULTS OF HERTY SAMPLE NO, 60

XIIL. TEST RESULTS OF HERTY SAMPLE NO, 61

FIGURE INDEX
1. HUMID AIR-Fz-HF FILTER PAPER TEST SYSTEM

2. HUMIDIFIED GAS DILATION SYSTEM FOR MULTIPLE FILTER TESTS
(EACH FILTER TEST INDEPENDENT OF OTHER THREE)
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TABLE 11, Concluded

Corrosion Resistance Of Fibe,g And Filter Media

--------------------------- Oak Ridge -~ .eooo mommiiiaiee meeaaes
ysed Tensile Strength - Retained In % Of Onginal Tensile After Exposure For

Tensile W -+---+ trccmmaaei il Hours --=-«vcccrmcmcccateccaraan Index
Crams 6 16 24 48 72 96 120 144 168 No.

84 2 11

41 185 14

62 81 15

54 122 16

37 121 19

52 142 21

97 124 22

875 . B6 23

390 116 24

[ 12£ 162 - 150 27

1990 100 12 28

156 216 183 110 80 29

l1o4 208 380 20 30

50 3

30 o 32

130 0 33

280 250 15 34

260 100 S. 0 35

90 36

360 30 4 37

65 B85 18

50 40 39

100 40

125 4]

100 365 100 42

330 100 43

42 262 154 167 81 4 44

55 170 ri3o 130 140 11 45

35 21 4 286 249 161 117 46

3! 332 10 94 105 221 47

45 405 118 73 100 22 48
50 260 213 262 38 49 -

56 94 105 82 177 96 110 50

45 as 40-60 60 51

68 327 192 228 178 138 315 1713 52

65 142 289 141 343 155 637 17} 53

--------------------- Similar To 52/53--ccccevacscccewmcana 54

" [1] n 55

55, 37 300 361 500 290 142 56

1500 81 T4 70 19 86 76 36 57

700 83 71 68 76 54 79 73 58

32 191 204 376 335 477 515 298 59

50.0 201 227 150 305 231 146 130 60

24.0 120 265 160 204 317 700 484 61
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TABLE 11

Corrosion Resistance Of Fibers And Filter Media

Basis Air D.QP

Trdex Sheet Wt. Resistance Penetration
Na, Combposition Construction (b, M % Iy
11 X% Glass + Resin 4+ Current HEPA filter PM

14  75% Crocidolite 25 Nomex H Poor
15  75% Crocidolite 25 Stainless H

16  75% Crocidolite 25 Teflon H

!9  100% Crocidolite H 310 0. 02
21 105% Amosite Asbestos H

22 100% Crocidolite Geon 151 H 225 9. 018
23  100% Crocidolite + Alkaphos H 173 0. 05
24 100% Crocidolite + Polyethylene :

27 100% L 133 H

28 50% 264 mm 50% 10 mm Crocidolite H 90 0, 0&5
29 07 L134 L, Mmicror. 2.5 264mm, 25710mm Crocid,

30 50% Kel F, 4+ 50% Crocidolite .

3l Repeat of 29

32 20% Medium 134 shipment no, 6, no additive PM 16 0. 068
33 34% Medium ¥ 1] " ovon " n 99 0. 068
34  66% Medium " " nowon e " 93 0. 022

66% Medium 134 + 34% Crocid with acrylic " 125 0, 064

30 66% Med 134 4 34% Crocid with acrylic+ Lufax "

37 20% L134 ship no 6 80% Crocid with PV.C, " 110 0. 062
38 34% " " "o 6% " 0N " " 128 0.17

39 66% 1" n "o 34% 2} " " " 124 0. 064
40 Repeat of 28 80

4% " How 135 0. 017
22 Repeat of 29 49 1,2
43 [T} "n oW 64 o' 86
44 T% L1134 L. 74micron 256 Crocid 330mm H 71.5 92 0. 050
45 S0%I1134 174 45%Crocid N0nm FiCrocid 330mem H 69,4 50 0, 057
456 33% 34 micron 33% L74 17% 110 175 330mm H 69.5 83 0. 048
47 50% 1,74 £0% Declaminated H 80 '

48 50% 1,74 50% Delaminated H

49  50% 1.74 50% Weathcred . 110 0. 062
50 66%L134 L5 pilot plant 670 36%Crocid'H 2 Ply H 109 0. 03
Sl 66%L!3§ L-’é (1] (1] " (1] " 1] LU 1 ] 1]

52  &6%LI34 5.5 271 3% Crocid WDS 6 Ply H 10} 0. 039
53 bﬁ% 1] [T I} 1] (1] H (LI | n 98 0. 035
LY 6@ " t "6I71 [ 1] (13 H oo e 0. 050
35 6% 20 Mo &n [1] 1] H : "oar 1]

56 56% * ShortOM " H, no add, 0, 05

66% 1] " L1 | ] 1] H Kel¥F latex High 0. “

58 Same as 57 exceplt add Zepel 0. 039
59 669 L1345.5 2/71 34% Crocid. H, no. add.

L] m L] LI BT 1] 1] 1] Zepel

61 4% 1L1IM ™ * long 175 1.134 old short 86 C. 0438

34% Crocid. no additive
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TABLE I

EFFECT OF BINDER ON CORROSION R

AP ap Tensi
In, Water in Water Grary
Index _ Shest % Refore After Befo,
No. Composition Construction Organic --ce-.-.- Exposure -----.._.
12-3 100% Crocidolite H 1.12 33)
22 100% Crocidolite Geon 151 H 1.57 8.4 8.3 97
H 420
23 100% Crocidolite + 5.4% H 5.4 6.3 6.0 868
WCY + 8.4% Alkaphos
24 100% Crocidolite + H 3,77 9. 05 9. 00 370
Polyethylene
35 100% Crocidolite + Acrylic PM 2.0
A 24
36 100% C-rocidolite + Acrylic PM
4+ Lufax
37 20% L 134: PVYC PM 4, 4 360
352
38 34% L 124 PVC PM 4.2 729
352
a9 66% L 134: PVYC PM 4.4 512
352
56 66% L 134: No Addition PM 5.0 5. 0 50
57 66% L 134: Kel F PM 8.7 %0 1500
&8 66% L 134: Kel F + 2829 PM 5.4 5. 45 600
59 66% L 134: No Addition PM 2. 85 2. 85 32
60 66% 1. 134: 2829 PM 3.9 .9 50

H - Handsheets
PM = Paper Machine
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TABLE IO

ER ON CORROSIONN RESISTANCE

AP Tansile Tensile Strength In Grams
ter In Water Grams  After Exposure To HF + F2 At 1009F And At 50% RH
re After  Before --eee-emcvme-oicaren Hours -eccmc e iiacan
---- Exposure -----._.. 6 16 24 48 72 96 120 144 168
33¢ al3
B. 3 97 120
420 300
6.0 868 803
9. 00 370 480
700 400
650 360
360 120 1%
7.9 474 620
512 260 200
5.0 50 172 172 320 130 0
Q9 1500 1511 970 12¢C 175 120 610 518
5. 45 600 400 530 350 540 395 470 284
5 2. 85 32 67 64 124 113 137 185 102
3.9 50 95 117 71 150 116 72 é5






