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ABSTRACT 

A general description is given of the permanent zirconium plant at Y-12. 
Equipment is described and materials of construction are listed. Photo- 
graphs illustrating principal equipment and reduced construction draw- 
ings are also presented. Operating conditions and costs information are 
listed. 
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INTRODUCTION 

Production of purified hafnium-free zirconium was begun at Y-12 in January, 

1950. At the request of the Atomic Energy Commission, a quick installation 

of equipment was made in order to produce 25,000 pounds of zirconium as oxide 

for initial experiments for the Naval Reactor Program,,  Less than 0.1# con- 

tained hafnium was specified« At that time, a program was started on design- 

ing a more efficient plant for the production of 150,000-200,000 pounds of 

ziroonium per year»  The permanent zirconium plant was completed in October, 

1951» Additions were made to the extraction facilities and equipment for 

continuous purification by the phthalate process and continuous drying and 

calcining were provided. 

At the time of this writing, the permanent zirconium plant is in the start- 

up stage«  This report describes the equipment and process as they now exist 

and the operational plans which have been developed from experience and from 

laboratory and pilot plant work« 

The original proposal for the permanent zirconium plant is outlined in a 

report, Y-573, "Separation of Zirconium and Hafnium - Proposal for Con- 

struction and Operation of Zirconium Production Plant*, J. M. Gfoogin and 

G. A. Strasser, March 14, 1950»  These plans have been followed to completion 

with but few changes.  Greater length of extraction and stripping columns was 

installed than was first planned in order to effect more complete separation 



which was later requested» Later information obtained on calcining showed 

that protection against contamination in tiiis stage was more difficult than 

had been expected, and consequently the expense of more elaborate calcination 

equipment was required.  Corrosion of exteriors from vapors in the process- 

ing areas was found to be a serious problem and more elaborate ventilation 

and protective measures were taken than had been planned in the proposal. 

Otherwise the original proposal has been followed through approximately as 

first outlined» 

It is suggested that reference should be made to report Y-573 relative to 

studying the report presented here« 



DESCRIPTION OF PROCESS 

The attached flow sheet and photographs illustrate the permanent zirconium 

plant in Building 9211 at Y-12. 

Zirconium tetrachloride, normally containing from 1.5 percent to 2.0 per- 

cent hafnium, is received from Titanium Alloy Manufacturing Division of 

the National Lead Company for use as fee^ material. Hafnium is removed 

from zirconium by an extraction process and resulting solutions are further 

purified by phthalate precipitation. Zirconium phthalate is converted to 

zirconium hydroxide "by ammonium hydroxide leaching and the zirconium hydroxide 

is dried and calcined. The zirconium oxide is then chlorinated to form 

zirconium tetrachloride, which is used in magnesium reduction to the metal. 

The steps in processing at Carbide and Carbon Chemicals Company, Y-12 Plant, 

are shown on the attached flew sheet and outlined as followsi 

Hafnium Separation 

Hafnium is separate! from zirconium by a solvent extraction process employ- 

ing methyl iso»butyl ketone. The separation is carried out in continuous 

counter-current spray towers. Solution containing normal zirconium is fed 

in the center of the extraction plant. The zirconium solution flows out 

the bottom of the plant while the hafnium is carried by the solvent to the 

top of the plant. 
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Zirconium tetrachloride is dissolved in water (top center of flow sheet) 

and the required quantities of ammonium thiocyanate and ammonium hydroxide 

are added to form the extraction feed solution,, Some of the equipment used 

is shown in Figure 1, *Feed Make-up and Storage Area - Tank Pit". Feed 

solution is pumped to the column (Figure 2, "Base of Extraction Columns- 

First Floor*)» There are three columns for extractions two columns for 

stripping, one column for scrubbing, and one column for thiocyanate re- 

covery o Columns are controlled by operators on ihe third floor (Figure 3, 

"Exteaction Control Area*)« 

Hafnium thiocyanate is preferentially extracted into hexone-thiocyanic acid 

solution, which is pumped into the bottom of the extraction columno Hexone 

from the extraction column flows into the stripping column, counter-current 

to a stripping solution of dilute hydrochloric acid» Aqueous stripper 

solution containing stripped zirconium is fed back into the extraction column 

with the extraction feed solution» Stripped hexone containing very pure haf- 

nium flows into the scrubbing column where it is scrubbed with sulfuric acid 

solution» This hexone, free of metal, but still containing thiocyanic acid 

is recirculated to "the extraction columns» 

For smallest useage of thiocyanate, it is desirable to have thiocyanate con- 

centration in the product stream at a very low level» This is accomplished 
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by directing the aqueous solution from the third extraction column into a 

thiocyanate recovery columno  The thiocyanate recovery column ia fed with 

raw hexone at a rate of approximately one-third the total hexone flow,, 

Hexone from this column contains thiocyanic acid at the proper concentration 

for extraction and is mixed with ttie hexone entering the extraction columns0 

Raw hexone to be fed to -the thiocyanate recovery column is prepared from a 

portion of the scrubbed hexone diverted to an ammonium neutralization systenu 

Ammonium thiocyanate from thiB system is used in feed makeup» 

Zirconyl chloride solutions hafnium-free„   goes from the last extraction 

column to a tank for storage and samplings and then to be further pro- 

cessed by precipitation with ammonium phthalate solution» 

The hafnium is recovered from the hexone by sulfuric acid scrubbing» Hafnium 

is recovered from the sulfuric acid solution as hafnium hydroxide by pre- 

cipitation with ammonium hydroxide» 

Separation of Other Impurities 

Hhile hafnium is the element requiring special separation procedures, it 

is also necessary to remove other metal ions present as impurities in the 

feed material» This purification is carried out by precipitating zirconium 

as zirconyl phthalate,  The phthalate precipitation is very selective for zir- 
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ccmium and hafnium» while other impurities, such as iron, copper, cadmium, 

etc» remain in solution and are thus separatedo 

In the permanent zirconium plant, ammonium phthalate solution and zir- 

conium chloride solution are fed continuously to a precipitation tank, 

which» in turn, feeds a continuous Eimco filter»  This equipment is shown 

in Figure 4, "Phthalate Precipitation Equipment and Filters »B Cake is 

scraped continuously from the filter and reslurried with ammonium hy- 

droxide solutiom  This slurry is filtered on a continuous Oliver filter» 

The ammonium phthalate solution from the filter is recovered by evapora- 

tion» (Figure 5, "Ammonium Phthalate Evaporator1*)» 

Zirconium hydroxide cake from the Oliver filter falls from the filter 

scraper blade through a chute into a continuous gas-fired drier, manu- 

factured by 1he Bartlett-Snow Company« This is shown in Figure 6, 

"Assembly Work on Drier - Third Floor»* The dried zirconium hydroxide 

falls continuously into silica-lined calciners in which it is converted 

to high purity zirconium oxide, (Figure 7, "Calciner - Second Floor1*)» 

Calciners were also manufactured by the Bartlett-Snow Company, and liners 

are supplied by the Amersil Company and the General Ceramics Company» 

Hafnium hydroxide is redissolved and purified by the same chemical process 
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used for zirconium hydroxide«  Some of the equipment in which this work is 

carried out may be seen in Figure 8, "Hafnium Purification Equipment«" 

Chlorination 

The method of chlorination that was used at Y-12 consisted of direct 

chlorination of the oxide with carbon tetrachloride in a rotary horizontal 

reactor« Zirconium oxide was charged batchwise into the reactor» Carbon 

tetrachloride was fed through a vaporizer into the rotary reactor forming 

volatile zirconium tetrachloride»  The zirconium tetrachloride gas was 

collected in an air-cooled condenser and cleaned batchwise into shipping 

containerso  The reaction gases were scrubbed in a sodium hydroxide system». 

(Figure 9S "Control Panel and Condensers of Horizontal Chlorinators - 

First Floor")o 

MATERIALS OF CONSTRUCTION 

Handling of Process Materials 

General selection of materials of construction at various stages of process- 

ing is given in Table I, "Materials or Construction for Handling of Process 

Materials"«  This table gives the actual construction of the permanent zir- 

conium plant«  Selection has been made based on chemical resistance to process 

solutions of various materials, and availability of standby equipment at Y-12«, 



19 

üJ 

a 
Ld 

I- 
< 
Ü 

3 

Z 

< 

00 

LÜ 
a: 



20 

£■■■'.■■:■■"■.:.'."■ ;VE  * 

j|trT' -r*i*T-'ifi'*^itOTriTTOMft        •.->■- -v —^■ft> ' 

I , j   -A * t"J:* 
I—__„^_::   I JlijOjf      / 

^gplipf^^l^^l^ijL; 

üJ O 
(0 —' 

Lü . 
Q £> z Q: 

SS 
-■3 uj z 
z o: 
5 o 

°o 
UJ o 
CC X 

CD 

m WJ 



■o j* 

21 

o o 

sa  sa  ä 

O   b 
b o 

3 
Pi 

B 
ä 

Q a     Q: 

1 
o a 
bO o 

TJ s 
r-l 1 

1 u 
n a> 
u 

s 

a TJ -P ,o 
d O <o -o 
H O   Ä   3 o £ w « 

ti    C rH 
-P   -H   O 
MAS 

^-4 IT» 
8»    U     • 
3 +>0 
O  W   I 

3 T) 
- w 

5 
£ 

"ft   5 
5 
o 



22 

Background for selection is given in a report,, Y=ö89, "Corrosion Study for 

a Chemical Processing Plant*, Frank A» Knox, August^ 1950» 

In general it is found that HCNS in hexone is corrosive to about the same 

extent as HClo Jfetals which can be used to resist iäiis combination are 

Hastelloy C and Durchlor0 Various rubber-like materials may be used for 

gasket material«, although hexone is a solvent for many gasket and diaphragm 

materialso Butyl rubber and Neoprene appear to be the most satisfactory for 

resistance to neutral hexone» A large amount of process piping is standard 

Pyrex glass with flange fittingsi  this gives resistance to most of the process 

solutions and also provides visibility» 

For resistance to sulfuric acids glass has been used for dilute solutions» 

Concentrated sulfuric acid is handled in black irons and carpenter 20 stain- 

less steel is used as piston material in a metering pump where the piston is 

alternately exposed to sulfuric acid and the atmosphere«, 

Concentrated hydrochloric acid is handled in glass-lined tanks and glass 

piping» A Haveg metering pump is used for metering concentrated hydro- 

chloric acid»  Chemical resistance is good,, although mechanical properties 

are not as satisfactory as desired» 

In the phthalate purification steps an acid-resistant filter of wood is being 
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used« It is indicated at this time that a totally rubber-covered steel 

filter might be more suitable. Filter media for hydrochloric acid 

solutions is high temperature Vinyon or Dynell» Particle size is small 

and a tight weave is required,, 

The dryer is constructed of 516 stainless steel, which has been shown in 

the laboratory to be satisfactory up to 300 degrees Centigrade from the 

corrosion standpoint« Extensive tests on metals for calcining zirconium 

oxide failed to show a satisfactory metalo A fused quartz lined calciner 

was developed for this application in conjunction with the Bartlett-Snow 

Company» the Amersil Company* and the General Ceramics Company» Efficiency 

of this equipment will be shown by operation» 

Materials of construction for zirconium chlorination are limited for zir- 

conium tetrachloride in the gas phase„  Fused quarts has been found to bo 

resistant at very high temperatures»  Carbon is good in the range of 350 

to 650 degrees Centigrade»  Nickel is good at 350 degrees Centigrade and 

below, and is fairly satisfactory up to 550 degrees Centigrade, although 

it gives some contamination in this range» 

General Protection Against Corrosion 

Operation of the temporary zirconium plant showed that a severe corrosion 
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problem can result from vapors of process solutions in the extraction and 

purification plants» However, general corrosion can be controlled by taking 

proper protective measures» 

Structural supports for extraction columns are fabricated from 316 stainless 

steel angle and non-reusable stainless steel pipe»  This stands up with only 

surface discoloration under the conditions present, that is» spills of dilute 

hydrochloric acid and vapors of HC1 under oxidizing conditions» 

Filters are completely enclosed and ventilated» Hoods for filters are con- 

structed of l/2 inch marine plywood and coated with one coat of Penkote pro- 

tective coating»  Glass pipe flanges on the columns are cast iron coated with 

2 
seven layers of a baked phenolic resin coating» Nuts and bolts on flanges 

of columns are of stainless steel 316, 

Duct work for feed makeup exhaust system is fabricated of 316 stainless steel 

coated with baked on Heresite0 Duct work for exhaust on filter hoods is 

fabricated from mild steel coated with baked Heresite» 

Penkote 500, Penisular Chemical Product Company, Van Dyke, Mich« 
2 
Heresite P403, Heresite Chemical Company, Manitowoc, Wis» 
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PROCESS CONDITIONS AND EFFICIENCY 

Extraction 

Present operating conditions for the extraction columns are outlined as 

follows g 

Length of Columns (Total) 

Extraction 
Stripping 
Scrubbing 
Thiocyanate Recovery 

Hexone Rate 
CNS Concentration in Recycle Hexone 

HC1 Rate, Stripping Section 
HC1 Concentration 
CNS, Concentration In 
CNS, Concentration Out 

Feed Rate, Zirconium Oxychloride Solution 
HC1 Concentration 
HCNS Concentration 
Zr Concentration 

RVjSOj, Rate, Scrubber Solution 
RVJSOJL Concentration 

180 pt. 
125 Ft. 
65 Ft. 
55 Ft. 

U*Q GFH 
2.7 Molar 

18-20 GFH 
3»5 Molar 
OoO Molar 

2,5-3o0 Molar 

50 GIH 
1 Molar 

206 Molar 
1 #/gal. 

35 GIH 
5 Normal 

CNS Cone, Feed to Thiocyanate Recovery Column 1.60 Molar 
CNS Cone, Discharge from Thiocyanate Recovery Uoiumn 0.1 Molar 
CNS Cone, Hexone to Column 0»0 Molar 
CNS Cone, Hexone from Column 2<>50 Molar 
Rate of Hexone to Thiocyanate Recovery Column I4O GPH 
Rate of Aqueous Solution in Column JO  GFH 

Cone. Hf in Raw Feed 
Cone. Hf in Product Zr 
Cone. Zr in Product Hf 

Io5-2o0 % 
<100 PPM 

Approximately  2 % 
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Yield of Zr Product Based on Feed Solution 

Percent Recycle of Hexone 
Percent Loss of Hexone 
Amount Makeup Hexone 

Distribution Coefficient Hf Org/Aq 
Distribution Coefficient Zr Org/Aq 
Separation Factor 

Optimum for 
Extraction 
Section 

1.5 
0.3 
4-5 

96$ 

96.5-97„0 % 
3-3„5 % 

90 Gals/day 

Optimum for 
Stripping 
Section 

0o7 
0.15 
4-5 

Operation of the extraction units is carried out to achieve the best balance 

between product purity and yield of zirconium.  Increased purity of zir- 

conium can be obtained at the expense of yield and Hf purity. With the 

present method of operation it is possible to obtain a yield of better 

than 96$! of Zr containing less than 100 ppm Hf while obtaining hafnium 

product containing between 0.5$ and 3.0$ Zr. 

Purification 

Efficiency of the purification plant has not yet been established, and it is 

expected that considerable process improvement work will be required to obtain 

maximum efficiency.  It is expected that 98 % yield of zirconium will be obtain- 

ed and that product purity will be equal to, or better than, purity of product 
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from the initial installation based on batch operation» 

Fhthalate recovery is expected to be about 80 percent. Recovery effi- 

ciency is very dependent on filter operation and wash distribution on the 

filter« 

Recycle of ammonium hydroxide from the evaporator may be a practical step 

for economy.  It is planned to add fractionating and condensing equipment 

for recovery and recycle of ammonium hydroxide if it is economically justi- 

fied« 

Drying and Calcining 

Operating experience with the rotary equipment is limited but serious dust 

losses are not anticipated. Available rotoclones and scrubbers will be 

activated if necessary. 

Operating Costs 

Typical operating costs are givon in the following tables.  Tahle II gives 

the cost for Zr02 production in the month of January, 1951.  Table III gives 

cost for 2r02 production total for the fiscal year July, 1950 through April, 

1951. 

These costs resulted from operation of the temporary zirconium production 
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facilitieso Considerable economies in both labor and materials are ex- 

pected from operation of the permanent zirconium plant. Estimated costs 

in report Y-573, plO, are expected to be in line with actual cost if 

allowance is made for general price advances. 
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TABLE II 

UNIT COST OF ZROg PRODUCTION, JANUARY,  1951 

Total 
Cost 

#93,523" 

Material 

Ammonium Hydroxide 1584 
Lime 133 
Hydrochloric Acid 1874 
Salicylic Acid 38934 
Sulfuric Acid 658 
Ammonium Thiocyanate 10057 
2rCl4 35165 
Hexone 2186 
Natural Gas 693 
Steam 1534 
Treated Water 536 
Electricity 134 

Operating Labor, Direct 13,667 
Maintenance, Labor, & Material 15,763 
Allocated Plant Expense 12,455 
Analytical 3,740 
Miscellaneous 9,128 

Cost Per 
Pound Zr 
Produced 
(3.002 

.051 

.004 

.061 
1.251 

.021 

.323 
1.129 

.070 

.022 

.049 

.017 

.004 

.439 

.506 

.400 

.120 

.293 

Total #148,276 #4.761 

Pounds Zirconium as Oxide Produced -    31,134 

Protective Clothing, Shipping Charges, Janitorial Servioes, Etc. 
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TABLE III 

UNIT COST ZR02 PRODUCTION FROM JULY,  1950  THRU 
APRIL,  1951 

■Total Cost 
Material |7!41,971 

Ammonium Hydroxide $13,041 
Lime 1,710 
Hydrochloric Acid 22,408 
Salicylic Acid 278,764 
Sull'uric Acid 3,679 
Ammonium Thiocyanate 89,211 
2rCl4 287,050 
Hexone 14,985 
Caustic Flake 41. 
Natural Gas 5,807 
Steam 10,821 
Treated Water 3,280 
Electricity 1,174 

Operating Labor 110,385 
Maintenance, Labor, & Material 148,453 
Allocated Plant Expense 124,067 
Analytical 33,471 
Miscellaneous 88,920 

Total $1,237,267 

Cost/lbc 
TÜ4T 

„052 
.007 
»090 

1.121 
.015 
.359 

1.154 
.060 
.000 
.023 
.044 
.013 
.005 

.443 

.596 

.498 

.135 

.557 

#4.972 

Pounds Zirconium as Oxide Produced - 248,751 
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BIBLIOGRAPHY OF Y-12 LITERATURE BEARING ON PRODUCTION OF ZIRCONIUM MATERIALS 

Bibliographies of Y-12 reports and reports of the MIT Practice School (Y-B4-43 

and Y-B4-44) have been prepared by Mrs» Frances Sachs of the Y-12 Technical 

Information Center. Reports listed in these bibliographies contain im- 

portant background material regarding the present processes for extraction, 

purification, and chlorination of zirconium materials at Y-12» 

CONSTRUCTION DRAWINGS 

Reduced drawings are given of principal engineering designs used in con- 

struction of the permanent zirconium plant«, Drawings were prepared by- 

Mr» F. So Patton of the Engineering Department at Y-12 and were used as 

the basis of field instruction to construction personnel» 



.Mwm mw%ivm 

i      <^l-%=^ 

TANK FAPM  PI AN 

SK5«W**'- 

£1 FVATIQN-AA 

PERMANENT ZIRCONIUM PLANT EQUIPMENT LOGA 

6>. 



-A- 
33 

Sfr-ZH1 

■VP3& 

«tuaur*MK- 

y*,— «III Ml* 
/"«■MM "■»> 

T^gKtwfp^acwa^ 

'"^    <*> 
»^ 

^ 

7™ ^ 

PI FVATIQN-bb 

TANK ^HFDULL 

l.fc.l * • POTMAUUtt      •WML*««. 

P. IMP   «T*HEDULL 

A 

. mimmwH-  — %•*♦ 

-it» i 

0«.\_ fktMt lO« ——ION* 

«. +mmm. «v* <,*MO—% HI 

.IMF 

grF  riw'Ci's 

»— ^»»-«!5SSS^SaW-^\tÄ?'HßuS-ÄÄt 

|*«u  kfe«V*k% —— V*L*.MJMkat*4Y     *•*•«» «,*****      *»_*«*Of — 

. f»iT WMVOWT — -f*m*%*»»o-JTo».ao© 

2L£_ 

GFN. NQTE^, 

•»mm. t^AMLMFAjcrviLWS iWfc^irvfVTX.^»*. 

1 1 ■■_ rir r mm -we.**.*-«.*» »-»AUK.   ofcMmiMfc 

b DUMKi   VATf*.*.   UHOVtD P*OM  ttUD*V*UTl 
lM*»T»A3tT|0»4*>    *•»«.   H>«*T**  IM MM. WIM. 

••VM1. 

IPMENT LOCATION-:FEED MAKEUP AREA, PLAN & ELEVATIONS 



®S ®"«'(»«*9« » «ire 

mm* 

6' 

?? 
^ 

— y? 
_S2_ 

^iae- 
«re 

»••*•• ^ <"■ 

1,   —.    —       'in ■—:. 

:*-? 

^ 

_ca 

!<• 

to          
JB3L 

:ae jet 

JO_ ICT 
_sa_ 

*<*■} 
»•«■? 

»>•? 
JRZ 
22 

■x« 
'f      .-«V-T" 

iz_ 

__/j 
^CT 

A 
•VAVMT.. 

■3 

J> 
-= +* 

Jli. 

_&!_ 
,,   - ^ 3    AJ *>>»•'? y-4- ^  in   ■        u3  

I. 

^=^ 
Jy; A ■ST 

»^ 

_*2_ s ^ 
JB3. 

-M. 
X"~*   —C 

JOZ^L 

A 

Ptttan-T'ii in 

T*HTI + 
\ 

i—»   »I 

AM. 

_EL 

XYT*7 , 

jCataO. *$= 

»*? 

. »=—t»a  

I*W   WttO. 

«•V»** net**, «-   fr   I ■ 

PUMP "SCHEDULE 
A 

FGFNr 
;!PL:.M_A£IL 

1   —V «i>M      ——«*l»»t»MJH   WIM«.   »KOtt mKtttWCKOM WMHMIMMI 

9  L-W11X,       ..-TMAtlO WKT&ts ■»»»».•»  FNBH   ttk«ft. t&UlU*VtlM»> 

9 —t' &LÄVS MOM  n*KtU»   TMMft ■*• MD   HUO  TJkMtS tMtM) 
9—»'CdLAVS VINT    M«.«hft«.»N   TO    t^-O«*.   IfctKWlMtUh) 
9  t'^WU- VMM «VAfOtJCtO»!   r» IftMK*» b,1.*M» 1IMIVA 
©— »'^MM.1. ' TW WTMALAlt   MW.D TW* VftOH TAMH.% Wl\tU*s4 

»-»&»■•*** MM4OM UNI rf^oM kwofc. wi tmw) 
*—Lte«.*VS KKC.C4,  PMM  CBTKACttOM  DOMN^M T*WWft«S«(tKW) 
»■- - I'ftkAVfc        OwfMWM Pf*« *««0 tWWTMM ( THiOCIANAT»   MTURM UNI 

gt 1UAVS   -—-—WUsKOVPM>ntPileL4HI*D'TNMKT*VAMMk*S%C*«lM> 

  IOI V*MMU«MlltL    Ottn.t»  «WM»   (^H-rO 

_ i*t m»*-v LA »•• mm t«Mt. M «A n»*. »fc«*-»»t****-1 

  MO MM«««»   WWW   »**•»» UIMn f.^r**«U 
— til   •VP*t*M*-»K M*»^k. ft— *o»% *«, «,%urt 
— Mt-  |uMMl.*»k   WM.    A- »•*•». t*  C^ftMT> 
— m    Ml»kl«Mli«P«     WWW    «-JI**»»  »•*  U*H»N 

0—^—*~«~~ 
►m—.»H» !>"** ******* 

>»>■». K-«O»> «a   **»»n 

— ITT   »WtStftHkVK    MDti.    *-*••*• 4>fc t»%*»> 
— «u t>*«.t«.Mk*tv  mti-v.   *.-m«.s«.-*»*C*»**'*) 

<$> 



-Z^iia 

J0_ 

J£i4 
jYf-?. 

tfjH-a. 

f\ 
H 

34 

^ 
^J- 

M- 

f= 

i" %.*- <*#m*»rw««"»> 

*****      «!»•*► -s 
JEL 

,1 

_B2  
 .87 

TT^mz X^=E -4_-Z_ 1   97. 

-&- 

•Q 

.^     ; (pa = 

y;    .->K-7_ 

K 
-9 

\ 

^4——£fzr *^-* 
grtisn -af 

fHTnftwÄT».— 

""1 

Q- 

■ ' 'T| 1^  *  _      »;TT 

.n 
I» i' 

■TMIT> 

JE2- 
.TÖ—    »1 

8n 

J2b_ 

fu-f+J 

JMtrv ti 

1      .GA^rr ^CHEDUL EL 

i-fl-n*»sv.*T»*Hi «i 
• «•  •*■.«.» TMM».«. «** **.***+  ••  •»»»«■>   ' 

WIM«.   »•■*««   • »*»   »•*.**.*.0*   "•fc***.«» f 
»MM»    t«,tl.lt   \ <%   • 

?PH ^ 

.-*■.  t>   ? * «»*^. *-•*.■»*» ow ■' »-«M» »r-on »wMö^t.w»' -TOT**»«.-* 

- o->«.   ©-».T»*->»K*-f* oM ?- "«*JILTt». «HO^Z—7* fc.uA.-^ ° 

LlNt     peon   WIUfci'T* 

k* 

T -oof*  o*>  >*. O   fO 

^ —1>- »-% ~~"- -Ml «-'**«   •*■*»« C*T*- 

- 0** ■»" rnvMLOw LIM 

•■ Jt^SSTT» 
OM     1 

TO -T*A4»».*» «V» 

KM   f»»»0   W«.»A fAH^ 

».**  WW 

PFF PWd'S        L 
A 

^ 
.GEZN-.rslcnXfa- 

•>T*.«.l.   0*V   1 

I   *.»» M«.tMO« 

^«bi.vm-B om »*>w*»—^ wtt*«* 
HM-<f Hi MUM*. w*i.«tt. — *»••.•** 1 

■.»T     WHIM    OTTW.*O-«*>*.    «40-»».t). 
6_ALl.    ririN«   Tool   I««»   »!.»•»*•   «.»-c«. 

1»«.  rWEPJi^.VJ^*-*-" 
  S*rf4tt AStt-lVoV nS»o""»».«.».■..« «we (. 

PEEMAHENT ZIRCONIUM PLANT PLOtf JDIAGRAM, FEED MAKEUP AREA 



I 

PART PI AN—^p| 

•'   *   *   '   ■   * • »    »   '     •     * -   * * ■»  ».»■■«; tr-: 

/—^fw^K.t'tsT^arva.a.iftawa)- B>—v 

^FCTION—'A Ä 

 tr^irtr 

ESBMAIS 

© 



35 

1 tS-o' 

aarr? 
* 

«»■-©• O 

=- ..rr*.m 

1      f    ».tMft.»   MKD  VtkW».*» 

J c 

gr? " MF%% 

ItRiVKCHWr 

^ULVWI.DUCI 

r^:—"r."«-'^—«■ 

5 Vt5 5—!- «•^»-■■»..»■•>^    «. TTt 

^ 

SaE£I 

Susi.?«. * •■■•■»• ■■—.»■■ •»■-.*•■••■ 

SECTION Tf 

1 
I» H^W 

TTXT" ■ 
m *-****% 

PUMP ^rnrnuir 

— **   NIUttN   f^o*»    DO*.«.*. 

— it   HOW   *»o*»    stnvLii 

r 1«   MK.TOH WTC   MHKU   £lffc) 

R.EF. DWC^ 

tK*t*«* l*«,t*t*MK.»«T   tueowun  MR- 
fc^lPtiftMT   LO«*,T»OM Put.trK«Tmi ft, 

L»*I»M fM.W*MI.KT    X.I«.CO*«UMI   fuMt- 
rLOW  DIA.*«-Mi CKTILACTMN  OIUWMft. 

-rttt.M*.MtiHT   ctkaoNMin row 

D%* («lift 

a- .VI.». ft.© 

»-A  (■«•«•- 
o.*.- *»r«.ft.«_v  % t,o 

.r«.».».* ncru- »«.«.•*•»- 

- **° g.»\AJO*4 9Ä&AÄ? 

GEN    NOTFS 

■*Vl. PiVTUk.** TO Ml^MP^tD VATM l.mtU_ 

is,1«?« «tunca» ss*asssx 

PERMANENT ZIRCONIUM PLANT EXTRACTION CONTROL AREA EQUIPMENT LOCATION-PLAN & SECTION 



afc.wnVO 

Fl OW    DIAGRAM 

6) 



*■"*"•? 
36 

Pipf    MA**   «SCHEDULE 

»  TO» O»   W« I fc 

AHmuD MCU Ym» »—••TO tor o 

w> TQ' ui5t*o * TO TM* TO» or Mit »KTftA^»«-. 

MTTtn O»   A» » »TtL ACT©».- 

M»  ft   ifctlkAtT»*.. 
iOi   ■  ^aiiBuMi mini   M«jBM  MTIOno» M* I ft*TK.»Ä10fc. ®—f^t^tKS^^SC) TO TO»   Of   T«l   1*«* 

fc*Tfc.*CTO»-> 
■Ö     Ai.»4uie   MA«!   pnon TO» o* »• » «<T*.*«TO%. 

DTltHW »»JWIYT   *-*+T>   T< 

pm«n OP M« ft «.vrnVcTo*.. M-M   TO 

^^^£TiT»u»ric" Äeto ^i»-v»~»>«r*.K.. 
,£iV_Mutous »»***■. »*•? •*"or*0t ^ f /^ £TH*JL.V>   4fc-fcVIT-«   t»*>™   TO»  « 

A*»«.   »»JO»»  **•>- ••*»   -       
«JiV»*»- CTM»-U r««n» %6- 
nft i  -STIUIWI.».- 

TAU»*.   OH    %**   »tOO*-* 

_L2_ 

^ 

-Si 

T* 

(■^)_ZlLCl.*   W^O«_*OTTOI 

VAOA.. 
CO^MHIVSBI •A^V^ii. Iw«»*»»' 
M. TMt NVlVteStlON AK€A   O»* TU.»   *2b *V 

/T\__j4A»MIUM   »<k.O» 
\1J    5«. j-y •»■••t'kj 

AMMIUM    »<k.OM    MY10H    O»    T*%»   *«ILf«'-t 

IT«t^m(. »IT- 

Wnni MMfMKONt 
MMIOM lOWW 

ro »OTrOM OFCN 
ftfCSV»*? CW.WMW — ÄCNEICA1 NQTEta 

s 

-MAI »(Ttm^ 

^ 

A»»   "»no*- •* ■ 

OX   TMt 
-UM*    D-l» *A-»*.1-T*> »•»   A«.v-    •*.*•*»   UÄ1»' 

—iPS&alaÄa* 

-VUH»*»   ftO-tV _        ^_   „ 

21;. *>t si; —■«• «^-- «■•♦ •»'»'• «•••♦•»•- 
ft to ♦  I* *■"»»   «t *■ «*'1' *»*^*- 

^ 

1_     COl.UHN*»,''«   «#-   *' 
».   ONI CO  «i  -rt<*'ow 
ICU.I. libotin»   «t-t.   * 

r^».«.* —I.*-' 
»e. 1 Afcfc4" 
.t. «eujn*»»- 

— ISC'J 
-it>0-? 

A 

jR_E.F. D.V ^"2^. 

lion   H.*»«T - 

— I'm«;   -tl - #"&fc-.<^»o' 
p«. _-£„ »oO-»T«.»- >**«»*> 

t:  1. -"7—-5>       UbM«. »*J>">TX   V-«.o>** 

PERMAKEHT ZIRCONIIM PLANT FLOW DIAGRAM EXTRACTION COLUMNS 



I-:K-H>   VM,V»H 

® 
ACTION—A A 

-|MWW> V<^>w* '■■mww;> *9*mm,t0lnm^r 

BS«kVU»W».JV 
***** «M ivrv. 



t>Aiioaj*fcLi. 

w 
*. H«t_ F1.*Q   f«Ot« **A'OT4H*f**1.(f'f .       -~l%. NMi»«   "»«.O   ROH   *C»l»M. •**.*■   TÄM« 

>fw»mnm»mr urN—.       ,-—(äUi. «.*,.» F««.O »MI« T«.«i •■».«.»„    W   \ \T IT.**««*».*!». *v»»*«w FMM *■• F\*M ti;—■ 

, r„ ..,■...- -r^TX \. \'5p% - ■■■ - •.- •& ■■■■■ ■«. *•. .1-;■«■■ --■•:■■■■ .-.•■- ■» - -■ -i,- 

^FCTIQN-D-D- 

M   *«C?*A*«T«OM   MvWM 
»vm To» •••wv.Fwtue   **«*M*M« 

. 4.' ^, VftMT  T**»*« •»••* **.»wmM*.1 
-il tf» •<«•>.• <-*w   FF.«M *«A>F«-..*T«I% *•* ** «-• 
_ t.' %*%   MO T» FMTMAfc.A,T»  «C*4> T»**F,  «M A* FV 

Q)_tr«fH   fMTI»*\».*VT«.  «V«»*TV*>F  FF**M  *»«»•«»,. 
-ll^    TO   HNiOn   M«A>«  TAHK   9« +Ä f LO«K' 
-1 *, OV*»»FVOW   VfNOM  KISQl« M1AO *T***** o**A*Fi. 
-B.%- FtL&O TO XttCU«  MKA.DTA.MVN OM *JfcfM.O«rv 

ffttWMR j^nS»1»! I»CV*TOTOf -ft*, ri run   TO   MfiV.    MK.AO TA.M.iH->   OM   \U  I, 

V* F-*»% Dy*tCM\.a*L.   I 
MM» -<.o(.K*,F> 

fc(, NlLfON   «.©»»     O^F 

(.«--niijoi. tof   o<jr\_«.*, 
TFM fc*r* •MMF».»»<WAHrV.l*i 

F—-TO HILTGH *o"f   -»mr*.*.* 
P_-II niwTOt* ».or   *w\Fi_».«. 
P— iz—— ou&«Hioft-»int**o<,t Hfl 

tHA.»»T «.uuor > 
P- 1«,—— out.icMt.oa.-K toK »L 
r-i*—WH-TO»» fco-* SIMH.I<"^J 
f_ >«. M1«_TOM "  

VkQTtL* 
-At OWi.l M I«I1  PO». A FLOW D1A41AM   Of 

TMI, W*XO HMtUF AtlA VFsIM*  AA.\.OF AIJCNt LlHf» 
•U ^>n>UM   nOH   «,KT*.AATIOM   COUUMN. 
-t* TO ItCk« F-.IQ  MS.A.B  T*.K*L  OM   'S**   FVeOA. 
-t«. t»ev»   rinn  •.^^I_F>C^»O**   «ei.«nM. 
-I* no, ovlfcr^«**  r«.OF» ri.1.0 HIAD TA.MH.. 

■i'UVvMtr TO*t.l.1»MWi «H »*Fi.,(|MtPT   «WA.1«.«.) 
kHltfUO  •***•** TO TOt» Of-  VILfUlIt   -»MJJfcO«.» 

•I*. OLfeAAUC   F»W#V»   F«OF» TOFOF ^OtFUt.« -*.UIMtfl 
-iVnnuu mcx, TO TO* OF» uuneu. » -armr»«*. 
■r«nmuo ortiFvvVwTOtöPWH»! *n«.>*^*%. 
-1*.MVTtMO   t»%4 tVTOF OF» M*t   WWI*tf(Ot' 
- t'fc. ncTimu» Muont  TO TM*. BOTTOM OF CM«. 

J-ESLUQ. 
-«lOOtN 1.1 Ml.»» 
■■■Lk«l>_ I •_<>»■+ 
- "-kTA,lNUL»»*>  *.T»\X 

(T)-   -    -f^ *'*■*■ *"**- V6H1BWA 
P«o F--* poMt» •xmm.oufc.* 

TAMtL*i TO  MA.V».  •»»•»: _    . 

OM    mvMbMtbl.      OF4.H>*«Cb—• 

fe—U*-)«.   ■,***lT'MS»    F.»«. •>*.«.-»   -H»,ll«k» 

AFF•.tJl^t^^Ä-T«.^.,*   iV-«' ^.th^si«.  ruc«sk> 

1 F.'_T«.*.»9  TO  bl. aVOUtF^V.0   WltH  DV.1P 

OFFAMS  VO fc«.  OWTM-MitltCD  tn   *>**-&■ 

* ti,».r^ rstu oit*AM«. •nwiiToM i,>.^ 
ÜJ.A-^t Till —llWWfc— iVOFt.*».»*<.», 
TO   ».».OOC«.   TO  rofthmiLS. 

10— Ti.*.»*»  ••*»•. '«e.Tio'* -»m«. *■»" •v«_ 
PtbKL-TIONIHCi  For»**.  TO ».«. "» >.■> «..■ 
ToLl.nuM.-n) .-e.»«.w .«<-.•-, .  ski 
OVA»aAt*F<*.TtaA>^.    ftfMF  Ha»(.wP-.-w< 

11 ^o«,  «QWIFF>«.MT    V.Ot*.TtCiM    M*   '-"TS. 

*»»lt oVfc.llOitW*». *o»w 
tgwiFMf.HT    LOUnmM   «ITHl   F.»l.T«.»vtTO»* 
con-rta*- A».«.*> • 

££Z. PWG 
xmaoHiun F» 

CtV.COM MM FV. 

XltA«MIUK * 
«•••»•MtVt« 

•) 

•1H*   TO   A.^äF*«. 1 

«.D m*.*h.c«^ 

—t" k>.i. Hiio« 1 —.. _ 
TANK,    OH   *■   FV.OO» 

1*k ft'fc. Ov«JLf*^.OW   FHOlM   AA.I.   Wl.UF.tth TO TM» 
^-       osfM.m-crw TA-MU.- 

I »I Ml* — Atu^AHlHT    *lm_tiOMi*m  »UAHT— t» L.OW  O»**!.*'' 

LMilw*—nKMAHiHi    tmiANiwn F*,*HT—*>C«MAK FIF.M« 

b«ll»tM~ntrAHK«T     MGWMM    rvA«T F.F.M*   «-ATOUT PuHÜW.T.OM     *.-.«.*. 

BlOT<M«T F*»M*M»t«t      Xl»A*M»«M   KAHT- KOUlFT'  L«.WO*  l».T»>*T»H   •*»*»*>■   *•*■*• 

FuAHT  Fi-O«*»   O.MMW«— «AT«.AÄT>OM    COW- 

*. DW*.«. tot 

WkM/ MB.K*M«, T» «A*  M «M mrv 
PERMAHEHT ZIRCOKIDM PLAHT PIPING LA.T0T7T-EXIEACTI0N CONTROL AREA, PLANS & SECTIONS 



f.   ■,.,,,....■.    -   .■-,..;«..*   .ft«..,'.: 4.  ■■-.  .,-   t    >     ■■■»   :'.   ■..•■.»-»*:    ■■■■   ».■■'*.   >   ;.-...
rT.-r*S."V:^^.    *■■    »   ~JVV*>**»»Jf'.Xf 

Kh ii mm in mMYMHk 
iimMMUNAmi wum» 

UlK^WM MW WWW *•*#»• 

»own«,  

:$¥** r* 
It«lUN t «äff**.*« 

.tlHM    »UV**-! 

BQ  «*M 

>V-"T' 

■(il)t"fc. »ck« «WWILVUSW 10 n» *vut«ur <MA 

SECTION—'A Ä 

*•■&-. ;.»■'•  » :   >■. ■ <••:•*•.  *■ 

^ g) ■» 7  

.»w? 
v. -»      ■*• ■    » ■-'» • ■ % «•■ ».  -!,»■■!•. y >•»•»■■« y,.<, 

"L7%        JL 
m J1L in——"1 

/   fMV*a   k luflfi 

eri '«Miimi«».« 
* rvjhCUUH  MOSS B1W MW   !■! 

^rr-rinN-^E) 
^)l* »**••* MMtfUT *»•**•».»%.»«*-* 

^bUST 4>ANT X»«W IMF 

© 



—H- 
l"% PMO «MM «M0M 

^ti-.--.>--v.<-ir^rv-.--i.-. 

f&A^ssj^hn^20"0 

(«VI'MTUC-»—t*v»*» 

Atwrart.*. 

_L<B 
--       J /  ifT\*."Ä l«BU OUtkPLOW T* 

m«, eater MMtt icm o* *-§ff"\ 

DI^GI^AMr^T^C/^i^_EUMEL.HOpKgP 

I*. >M1LI. VMM MIAOW«»*« ft-M>- 

".   flQT'Tinr iSMTILklO ^M« tKSAMU' 

^E^T'ON-DP" 

1 FGEND 

 ..."FT ""^ —*»'?  . J v%—  - 

tMSP 

"« MWAmMtWkMWUh 

MM «Wl V* «MUtf* HMMMft t Srf—%» ft 

WStoW« ' 

^ECTinN-CC 

~*»TM.W 

—%«.*,«.*. «ON 

r-V>— I»"«     •**•»»  NUHIUIN4CU W*H»  -MCHBAWUO 

AN Qt  rtrm. »wmMHW^g r#c ***** -»uwiMwt) 

rvAtrotti) 
mvi^UHo««. **_«•». « 

PFF.   DVG^ 

■ le-ti»*^—riLMj+***MMT McoNun tv*>*T—MNU^L •v»; MC»    U*.tOMT 

PUMP ^HETDULL 

lUNTtkbVI 

Ml - 

*%%- 
*%1 - 

„1VM ««V VMNH ■»TAMU1V» ^RUt. 

•   MM»{H-4) NASH H-rmt. 

»*r NAHM  M^rre«. 

»au*.*.*    tint v*amj«*A ■ami. 

PlPF    MKP^  SCfflPUtt 
(§)       ifc.lM*4    «ft*M   MtttMTlOM   MWMN 

ff)——ÄV1HT HMlWi.lO u*-*m* 4-*«MJ>C< 

^ *'■*» PMfl lVMOKMOh   ow 4-Ä ri.oo». 

^—LVV nXO TO  rMHfcLftTt,  MMTMKON   AtUIOK 

(J)—t'^fcfMIHfcUMrt   CWlKftOW   WOW   4jfe rtgVOK. 

(ft)— «*V   »M.O   TONM^OM   HtKD TIM«».   OW 4-M»TY—■ 

fa  I'fc.   *««o   t« Y*s«\.*.  HKAO   TM*»» OM   +dto rVWI' 

mo ww^iroMA UWM #A.O» TMB »■»■* M*WP> 

(j^      t fc. VINT TO At-*- t*H»i cc.me.urr w*»"t«rO. 

@> f %.•■«•** OVWtts M3V> ▼• (*<•«•   *H.T«.^* «*A^A 

fiFN.  NOTFS 

AVI   *V.<k*^» V»l»«*i% • *«. !"»»»»   «^.«h*«S> 

-ALU    V«b\.W«.*1 

O»-»   1TUW  0«b%'   - "* "    - 

LtMSD •w»^_%<«.*»,t*emrT «ft»*. 

.   A.QX«  LINt.*>> 

■*ea IX-*TA.WLJKJ6 

rirv» WH*.**.**.*.  T »"• HAM. «JLT 

-tarsi K!?vaÄÄ laa? xs3^.s«r«k*: 

ClMl**^  MWkl     *>»•   OW«.. I tCH »»%'*'*- 

PEHMAKENT ZIRCONIUM PLANT PIPING LAYOUT-PURIFICATION AREA, PLAN & SECTIONS 



JE^_EVW!QIüJä=£ 



V 

TZ 
^F^ 

T**»»A_ 

PA&.T PI_AN-5»F1 

V  «M%T.    I I 

PAR-T PLAN—?*aH 
*ac».t-*~-'A-.l-o" 

" ■•* /♦»■■»•'u; H •♦,»•«. %«««:« 

'PACT PLAN      I» Fl 
*^*A.l.--frn'-tf 

39 

— N— 

.-.MS" .•o«,"»^-"*i*»t*n«i*.'»«*« «,tntK.i«gN einnm   *A^WV 

»%•«--*•«-«_A*TA»»V  CM4HMN—«4.|MnUTT   < -N«W  «L*. 
»v« «o »»4.    ..wwo ♦'••"•»A- Htm »M-TK».—tim«a ««UQMTW* 

•«.«»• »»«*   itvw. i-w».»»^ituiw.-OLWn.uwmoHaw, 
Kft  ••*•»      ..    nil»P»#*,T  -»W**»> *MLft\ •»*.!«. WCRNf ANO CO> 

--« 

GEN. NQTE'b 

I —AM.   UWmiKT    Attt   *«14«»T^W*TI««*     **»**M»*     ««•   »•»  .\lfc. 
\ t«  >VM^    1* »t HtW,l,iAV1ieH   «OTlO. 

1 M.I.  K^UivnctvY siMoiM   QH  t^> **.••►•   isww-r.m.. 
» M.W   TAN*-  VirtahTS ^» »«.   O*-»»«««.» W» T*Wt  »Al.«. 
*—— em«M**i«*4t %m-nM  AM.  *»fK«»iH».tc  A«O «*I «t »»Kito 

TW M«T   MLO   MHOITI«MV 

T—r»r. rvtw •»«M&O*».*  «■•.« •»***■ •»*• «io« lUBo. 
•—*.w «nur«.*. *»-«.«-».».»» Tw *« m«*otT-^.o WITH O*.II> 

IM   TANt*-*». 



I 
 Nl— 

i 

€H  

9 

dh 7- 
S&K^YC)-»^ 

w 

tV-o' © s> 

/   f^ifc riyo*.. 11 I j 

if-o- © 

ir—nr 
»TRACTION cawHM**. 

iaj»«r 

■wnw» .I- . —£-— Avsavsrswr 

Ife-i 

PAR-T   PL MM-i!A A' 

**fct»VH   «*MT TM»A| IkOOP 

JI.I.H.-1      I.   ■   ■»    ..UHIMH»! ■J.'WI.IUI.IW 

CAtarfkB* BOM!»? xwt. 

^ ,fo^sMK«ÄPscÄ'.,■♦ •**• ""•*■ 

CCacunM Na- <* WAV.«.H OnrM*») 

© 



ftFNirPAl      NIOTF^ 

 *iCfLVIC,«.    rtl»IM%   TtTHlPUD   t4Ak*.% 

»HPt*MlftH   A.*.«.»*, *»B.*I  DMWIHM l- 

40 

PlPr.   MARK   «SCHFDULF 

«AM.*,»* AA*.tvA.N« 1 
:A>*T1L*)L. »MA.. 

®-t£C.  

V.Ij'     KF.*LA.  w p» 
IMC PUD  M*,«. 

».OP«. tV*f»l 
•.T«. MO».» 
A  A>k_«.A.- 

TA •«**.*» < 

^gZC..T. t, t)   IM, r\.%X> nftktUf A.».«.», n- —-— —  MktUf   AF.%.*. ID rHTMMJdl PSAO 

/S\_r»I.H»iOM   »IIP   »lOM   «BLO«.   *«,•(■ -Jt  TF»   HH.OH 

^^       %.fcW- faNi* £  A»-»*«.. L11Q v 

^3*     AH.«.*. TO HLOOUCT  HTOI^AI. TA.M«L*> 4-itMato 
MAK«,   «P    ML* 

yS#^FjOMTA.»L    A.»-PkA.   T*>   PtVF,0  «»TO»!.' ■* _     - —      _   _  .        ._.___    .        ^i, T*.m N* ft »M riio  nfcu«»  *•».*-* 
»"a. OVLfL.tX.OW   »UM   tk.CV-4 Ht*tO   TKH*.   ttt 

YA.MU.-* 4-1,%   »H 1-m.S.D   MA\*L».UP> A.*JL*K. 

PUD nion PtooütT- -»TOIL A« TAHAA 
-   -    _      . J.1.0   H<kUur   MJ.A  TO KACL + tAfLAtOTAMJK. 
IH rum.it'itA.TioM  *»»-■»*• 

t&.Hcv. niD rk 1   MCU    V»OkAÄ«_   TAHIkS    ' ■AT«. 

©-  . r»   TMi 
>   PIO«   «A.OA   *&tfc-X  TO **»-»* 4- 
TMl  LXTL.KC TiOH    COMTkM.  IE»*. 

"     "•»It. «.JLTX.^ 

TANK SCHEDULE: 

l.fc.T*,»   fWTHALATt   TAD*.* 
M* 

ft    - -   «^.«.b    "41««.*««%« 

♦ *,•>  ——ftODuil     »riTOft.AA 

i>.w,m*" 

"^»"•. HAM«« PMA) tULAlflON 
>t»\OHMS tOTA.HV.1U •7*' 

UL»> 

LEGEND 

(TV—(Ä prPm MUHfeLUN 
^      *^ urn PLAAVW. ••*.»* 

__- —.HIDOI.H   UHl»l 

ft,., fÄLAXCH.    tlOM 

a*/*         MA.IHLl.SS     STUV. 

•>    »»Tm-tv» 

IA«A»A«tA>A» rUL«.»k\.m.    fUAffcMt.  tM»%l 

LXCTIOH   cowunns 

RrFF. PV/Ci^, 
(*•*«. a.Vkv—rA»*tL. w*.*.n  AITOKA*!.   <n.A,Ti>ot,n~— 

■"»TOM«.     % VJl-tollk». 

P"X1M       VAtLO      »iPIMd  —  «tt. DC*     **ll   —«WOH» 

fAAWP    HOmi,    AMD     ••A.rtPl.mÄ   TNWU«,. 

■.^k. »tw—nhnAMitrr     HIMMIUH    PLA»«^  ■ ■ -■■—- 
«.OMeotT   PkA-M —-mrri^iTiovt    touTl,ow  A.UA. 

B^AM.   Myi*—Pftk«IA,M«HT     »UMHI-M*    »^ AHl— 1*l».T»t. 
»■.It-»-.    LMtAUM    •sftS/Tl »% PVI|.\|*.C «STIO^    AlIA. 

cmi.it^l fH.H»wtHt    liuOHKin   K»m-—Hkfca4« 
«.ALMAU»«*    MOA3 Ttm.O   F*A*W»,OP>     AfL*»A. 

IWtmil AkLnAMtHt    *!*jS**l*y**-   PLAWT-.t.*r»..*TOt, 
K*.Ct»u-*T    •MVTWI P¥».O   rtAW.*.«***    A.kvft7A.. 

IWMU» «ILHAMtWl    ZttCOMtun  PLAHT—rtcCD 
LAHAUST    %miw—M.ID    nhiLKUA     A P.«, A.. 

D%«.kk*4*. Ptk.*t*«ffmT     ZltLOMiun   »WA.»»T Vik,*rmfJL, 
P«Jf*>»   UHAUTT   TY*«VOm pa.TP_AC.Yt«>*«   BMI1W.  *EkA- 

DMH«V AllPUNtKT    ItAAOHMn   PVAWT PtWTX-tL 
P1Lk.Ay- MHA.UHT  -rff»*TP,rt TMB    nKIClUf   AP.XA. 

•ÄSTlrf—Fai.«FlC AT <OH     AP-C.A-' 

tM«tll» rtP-MA*Kl.NT      tlCtONIUM    FLAUT 
PLOW  DIA1»AH PF.F.O   MAILtUF   AP_m_A>. 

■.APtlWk' Pr.«.«AHl.An     tlktOHIUd    FV.AHT— 
r.^OIFMlKT   LOCATION Pm,V.D  M<MA.m.W1>  A P. P.A.. 

HO< t»9%S—— PtknA.KI.MT    7t«.COMtU*^   FL^HT «OyltFT. 
LOtATIOH— PvklFttA^IAM S tAAKNINk   AV^FLA.«»,. 

ftlOfl»««« FVt.f-lA.MK NT     llkCONIUM    PWA.MT 
PI A |*4 C    LAI *L»T FUPLtFlkATIOH    A".»_%AV. 

c 10I t»*n—*c»-r*AMt»*T   «iLcoMiun FVAWT—movurt. 
LOCATION UTLAtTlVN    COHTkAL    A.FT*«->». 

ElOf tTt«M FVk.rtAMC.MT    XlkSdHtwrt    PLAMT »tPlMCk 
LAIOUT «.KTkACTtON    eONTkoi.   A.FWF.A.. 

K  1Qtrk%l»_.F»k.MA.**»X1I*T      IlktOHAJn  FLA.MT       ■    FL*V< 
*>|A,«,«L A. «        1       k>T»,A.CT »O»*     COL\JMF*-*- 

E It HkV>—ftkHAMkHT  iHLtomun *LA.MT—*>U.vtCt. 
LIM«.-»-— kATLAOTlOH    kOHTAJOL    A*J«.Ak. 

l«t  !*?•»« FkArAAHtnT    X»F.«»M.OF\   FVA.AIT *>«JkVICC 
LlNkl FJA-»F»tATtOhi   A.F.C.A.. 

l»# rt)<»T^—FfLFLF«AM«.*«T   »tfvtOMtUt-»  PVAMT— UCttlAKklLAAIXKa 
SMfA.TB.ILf— >m«0     FkAXFLM. UA     A.«k.tLA. ■ 

■.£*   I*«*0 Pl.k.FtANC,MT    lILCONtun   PuAWT C.OMTALT 
TAHH.   «.kHOVkTlON kLOt ■ >»»•>-». 

S.IO« !>*«»—VKR.rWKM1B.THT     ItKCFMIUH     AWAHT  
CMLOk-IHATiON    *SA*.L*%»>lTk«%   "s-rVTMri, 

o»» 1*1»»^— AmiL.tAA.kim.HT  X»«L.«.F»»A tun   PWAMI  
OHL LlH«,  o»**%m-Av«n «Krm>AAXvov4    COXTILOV. 

»&if'«fcsa«äwio 

PERMA15ENT ZIRCONIUM PLANT,  GENERAL PIPING LAYOUT 



kl 

ACKNOWLEDGEMENTS 

The authors wish to acknowledge contributions and express gratitude for 

assistance in preparation of report materials from Mr. F. S. Patton of 

the Engineering Department, Mr. J. M. Googin of the Chemical Division 

Staff, Mrs. Jane Uffelman of the Y-12 Technical Information Center, and 

Mr. J. W. Ebert of the Chemical Department. 

■fc U. S. GOVERNMENT PRINTING OFFICE: 1956     O— 371425 


