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CHEMICALS AND MATERIALS USED IN THE TVRIN CPE PILOT PLANT

PROCESS

AIR
CHLORINE
CHLORINATED POLYETHYLENE (CPE)
HYDROCHLORIC ACID 
NITROGEN
POLYEHTYLENE (PE)
POLYVINYLPRROLIDONE (PVP)
TALC
T-DET N-9.5 (NONYL PHENOL 9.5 MOLES ETHYLENE OXIDE) 
TETRAHYDROFURAN (THF)
SODIUM CHLORIDE 
SODIUM HYDROXIDE 
WATER

MATERIALS OF CONSTRUCTION APPLICATION

ALLOY 20 = “
CARBON- STEEL 
DERAKANE 470 
DEVOE 244 
HASTALLOY C 
MONEL 400 
NICKEL 
POLYESTER 
PTFE LINED 
PVC
TANTALUM
TITANIUM
TITANIUM PALLADIUM 
31$ STAINLESS STEEL

STEAM-ACID, ALKALINE 
NEUTRALIZER SLURRY 
WET-DRY CHLORINE, REACTOR SLURRY 
WATER, VENTS 
WET-DRY CHLORINE
WET CHLORINE 
WET CHLORINE

NEUTRALIZER SLURRY

DRY CHLORINE 
DRY CHLORINE

50% CAUSTIC 
DRY CHLORINE 
DRY CHLORINE

DRY CHLORINE, NEUTRAL RESIN

JBA: 7/85 
OH2
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PROPERTIES

SEE APPENDIX A

MATERIAL PHYSICAL DATA STABILITY INCOMPATABILITT

CHLORINE BP - 34.1°C 
VAP.P 82 PSIA @ 20°C

HIGHLY REACTIVE 
HALOGEN

MANY ORGANICS 
NH3, H2
MOIST OR HOT 
STEEL, FINELY 
DIVIDED METALS. 
TITANIUM WHEN 
DRY.

CPE SOLID CRUMB DECOMPOSES
AND EMITS HCL
AT HIGH
TEMPERATURE.

-

HCL BP - 116.7°C 
VAP.P-0.5 PSIA® 20°C

CONTACT WITH
METALS MAY 

LIBERATE H2
GAS.

BASES AND
MOST METALS.
OXIDIZING
MATERIALS

N2 GAS HIGHLY STABLE. 
ASPHYXIANT.

POLYETHYLENE POWDER FLAMMABLE.
DUST EXPLOSION 
HAZARD.
SEE APPENDIX B

- ’

PVP POWDER HYGROSCOPIC.
NON-TOXIC.
STABLE TO 225 C 
(DSC)

TALC POWDER INERT TO
PROCESS CONDITIONS •

T-DET LIQUID
PLASH PT. 260°C

STABLE TO 400°C
RCL 1079
APPENDIX C

CONCENTRATED 
OXIDIZING OR 
REDUCING AGENTS

THF PLASH PT. 17°C FORMS EXPLOSIVE 
PEROXIDES FROM 
PROLONGED EXPOSURE 
TO AIR.

STRONG BASES.

CAUSTIC, 50% BP 145°C REACTS WITH
WATER, ACIDS, 
SOME ORGANICS, 
AND AMPHOTERIC 
METALS SUCH AS 
ALUMINUM.

JBA: 7/85 
O
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REACTIONS

SEE APPENDIX D

PE + CL2------------------------------------------- - CPE + HCL A HR - - 1070 BTU
LBCL2

HCL + NAOH---------------------------------------> NACL + H20 A HR - - 34162 BTU

T-DET + CL2 ---------------- NR TO 250°C RCL 1081

T-DET + 50% NAOH ----- NR TO 200°C RCL 1082

TALC + CL2 ------------------ NR TO 250°C RCL 1070

TALC + 37% HCL ------- NR TO 230°C RCL 1072

TALC + T-DET ----------- NR TO 400°C RCL 1068

PVP + HCL —;---------------- NR TO 250°C DTA _

PVP + PE ----------------------- NR TO 250°C DTA

PVP + TALC ------------------ NR TO 250°C DTA

PVP + T-DET ---------------- NR TO 250°C DTA

PVP + PE + T-DET — NR TO 230°C DTA

JBA: 7/85 
OH4
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REACTION

CL + pyp-------------------------------------> EXOTHERM DTA

BEGINNING 30°C 

PEAK 85°C 

END 115°C

PRESUMED REACTION

1 PREFERRED CHLORINATION SITE

2 ACID HYDROLYSIS

CHLORINATED PVP IS KNOWN TO BE THE ACTIVE ANTIAGGLOMERATION AGENT.

JBA: 7/85
OHS
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MATERIAL COMPATIBILITY - GENERAL PROCEDURE

IT IS STANDARD PROCEDURE TO REPLACE A FITTING OR PIECE WITH ONE OP 

IDENTICAL MATERIAL UNLESS OTHERWISE INSTRUCTED BY THE ENGINEER IN . 

CHARGE.

A MAJOR CONCERN IS PREVENTING THE CONTACT OF TITANIUM OR TITANIUM 

PALLADIUM ALLOY WITH DRY CHLORINE. TITANIUM FITTINGS AND PIECES ARE 

COLOR CODED PURPLE AND KEPT IN A DEDICATED, LOCKED CABINET. 

CHLORINE'S REACTIVITY WITH TITANIUM, ORGANICS AND OTHER MATERIALS IS 

( FREQUENTLY STRESSED IN SAFETY MEETINGS.

ALSO, ALL LUBRICANTS, ANTI-SEIZE COMPOUNDS, ETC. THAT MIGHT COME INTO 

CONTACT WITH CHLORINE MUST BE CLEARED BY THE ENGINEER IN CHARGE (SEE 

APPENDIX E).

JBA: 7/85 
OH6
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POLYETHYLENE LOADING

PROBLEM SAFETY MEASURES

DUST EXPLOSION 1.

2.

3.

4.

SMALL AMOUNTS OF POWDER 

(20 LB) ARE USED.

STORAGE BOXES HAVE LID ON.

STORAGE AREA IS WELL 

VENTILATED AND OPEN.

GOOD HOUSEKEEPING PRACTICES 

ARE FOLLOWED.

JBA: 7/85 
OH 7
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VAPORIZER

POSSIBLE PROBLEM 

OVERPRESSURE

POSSIBLE CAUSES SAFETY MEASURES

HIGH TEMPERATURE 1.
WHILE BLOCKED IN

NORMAL OPERATING MODE IS 
VAPOR ONLY WITH OPEN VAPOR

WITH LIQUID PRESENT.

2

LINE (120 PSIG) TO 
CHLORINE PLANT.

DOUBLE BLOCK BLEED/PURGE 
WITH gEBAR MANUALLY 
BLOCKED PROCEDURE FOR 
SHUTDOWN.

3. • FAIL-SAFE TEMPERATURE
CONTROL LOOP. AIR,
WATER, ELECTRICITY, OPEN 
CIRCUIT FAILURE PROTECTED. 
(CRIT. INST., QUARTERLY)

4. LIQUID LEVEL TRANSMITTER. 
(CRIT. INST., QUARTERLY)

5-. THREE -PRESSURE . INDICATORS .

6. REDUNDANT ULTRASONIC LEVEL 
DETECTORS, FOUR LEVELS. 
LIQUID PRESENT ALARM. 
(BEING INSTALLED)

7. PRESSURE RELIEF TO
SCRUBBER. (CRIT. INST., 
SEMI-ANNUALLY)

CONFIDFIMTTAI.
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VAPORIZER (CONT.)

LIQUID FULL 1. OPERATING TEMPERATURE
IS ABOVE DEWPOINT.

2. VAPORIZER IS ISOLATED BY 
DOUBLE BLOCK AND BLEED/ 
PURGE WHEN NOT AT 
TEMPERATURE.

3. LIQUID LEVEL TRANSMITTER 
WITH HIGH LEVEL ALARM. 
(CRIT. INST., QUARTERLY)

4. REDUNDANT ULTRASONIC LEVEL 
DETECTORS, FOUR LEVELS. 
LIQUID PRESENT, HIGH 
LEVEL, AND VERY HIGH LEVEL 
ALARMS. (BEING 
INSTALLED.)

5. - PRESSURE RELIEF TO '
SCRUBBER (CRIT. INST., 
SEMI-ANNUALLY)

NCL3 ACCUMULATION CHLORINE-AMINE
REACTION

1. VAPOR OPERATION MINIMIZES 
FORMATION.

2. VAPORIZER N2 PURGED 
QUARTERLY. (CRIT. INST.)

3. VAPORIZER STEAM PURGED 
ANNUALLY. (CRIT. INST.)

JBA: 7/85 
OH9
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VAPORIZER (CONTINUED)

REACTOR SLURRY 
BACKUP TO 
VAPORIZER

REACTOR PRESSURE 
HIGHER THAN 
VAPORIZER PRESSURE

1. CHLORINE VALVES ARE 
BLOCKED WHENEVER 
THERE IS NOT A
POSITIVE CHLORINE 
FLOW.

2. VAPORIZER OPERATING 
PRESSURE IS 120 PSIG. 
REACTOR RELIEVES AT 
100 PSIG.

3. VAPORIZER LOW PRESSURE 
ALARM IS SET AT 
105 PSIG.
(CRIT. INST., QUARTERLY)

JBA:7/85
DOW CONFIDENTIAL
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REACTOR

PROBLEM SAfETY MEASURE

OVERPRESSURE 1. THE COMPUTER MONITORS PRESSURE AND AT 80 PSIG

IT GIVES AN ALARM AND REQUESTS AN EMERGENCY 

TALC INJECTION.

2. ACCORDING TO PROCEDURE, THE OPERATOR BLOCKS 

THE CHLORINE VALVE AND STOPS THE PROGRESS 

OF THE TEMPERATURE PROGRAM AT 80 PSIG.

3. AT 90 PSIG, BOTH A SCAM ALARM AND A COMPUTER 

HIGH PRESSURE ALARM ARE TRIGGERED.

4. -- IF NECESSARY, COOLING CAN BE APPLIED TO THE

- - 'REACTOR.

5. THE REACTOR ITSELF IS RATED TO 300 PSIG.

THE 1.5 INCH RUPTURE DISK (0.5 INCH WOULD 

BE ADEQUATE) WILL OPEN TO THE VENT AT 100 

PSIG (CRIT. INST., QUARTERLY).

6. THE REACTOR PRESSURE TRANSMITTER IS INSPECTED 

ON THE CRITICAL INSTRUMENT PROGRAM QUARTERLY. 

THERE ARE TWO PRESSURE INDICATORS ON THE 

REACTOR.

JBA; 7/85 
OHIO
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PROBLEM SAFETY MEASURE

HIGH TEMPERATURE 1. THE COMPUTER TRIGGERS ALARMS AT FIVE AND TEN 
DEGREES (CELSIUS) DEVIATION FROM SET POINT.

2. A TEMPERATURE INCREASE MAY BE ARRESTED BY 
DECREASING CHLORINE FLOW OR BY COOLING
WITH THE JACKET.

3. THE COMPUTER AND INSTRUMENTATION USE ONE
TYPE K THERMOCOUPLE. A SECOND THERMOCOUPLE 
IS AVAILABLE FOR MANUAL CHECKING OR SWITCH 
OVER OF CONTROL IN THE EVENT OF FAILURE
OF THE FIRST THERMOCOUPLE.

DRY CHLORINE IN THE 
THE REACTOR

1. THE REACTOR IS KEPT FILLED WITH WATER AT
ALL TIMES, INCLUDING BETWEEN RUNS.

- - “

2. THE CHLORINE FLOW IS ALWAYS BLOCKED WITH
AT LEAST TWO VALVES. IF THE CHLORINE FLOW" - 

"WILL NOT BE.RESTARTED WITHIN A FEW HOURS,
A NITROGEN PURGE OF THE LINE IS INITIATED.

3. WHEN THE REACTOR WILL BE DOWN FOR A 
SIGNIFICANT PERIOD OF TIME, THE VAPORIZER
AND CHLORINE LINE ARE EMPTIED. THE
VAPORIZER IS ISOLATED FROM THE CHLORINE LINE

WITH A DOUBLE BLOCK AND BLEED/PURGE, AND THE 
CHLORINE LINE TO THE REACTOR IS PURGED WITH 
NITROGEN. THE REACTOR IS STILL KEPT FULL
OF WATER.

JBA: 7/85
OH11

confidential

do 005220



PROBLEM SAFETY MEASURE

SEAL FAILURE 1. DOUBLE MECHANICAL SEAL WITH WATER AS 

THE INTERMEDIATE FLUID.

2. NORMAL SEAL POT PRESSURE IS 205 PSIG

3. SEAL POT HAS A LOW LEVEL ALARM AND A 

LOW PRESSURE ALARM SET AT 145 PSIG 

(CRIT. INST./ QUARTERLY).

JBA: 7/85 
OH24

CONFTDFNTTAl.
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NEUTRALIZER

PROBLEM SAFETY MEASURE

OVERPRESSURE 1. ATMOSPHERIC VESSEL. rOUR INCH VENT TO 

ATMOSPHERE.

HIGH TEMPERATURE

OVERFLOW

1. NORMALLY OPERATED AT BOILING POINT OF 

WATER.

2. TEMPERATURE CONTROLLED.

1. LEVEL CONTROLLED WITH POSITIVE PURGE

ON LEVEL TRANSMITTER. HIGH LEVEL ALARM.

RESIDUAL NAOH IN 

DUMPED RESIN

WATER TO COOL IT AND REMOVE ANY 

RESIDUAL CAUSTIC.

1. AFTER NEUTRALIZATION IS COMPLETE, THE 

RESIN IS THOROUGHLY WASHED WITH COLD

JBA: 7/85 
OH12
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Caustic lank

Neutralizer
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CAUSTIC TANK

PROBLEMS

HIGH TEMPERATURE

SAFETY MEASURE

1. TEMPERATURE IS CONTROLLED AT 35°C.

2. VESSEL IS RATED TO 110°C.

3. HIGH TEMPERATURE ALARM AT 50°C.

HIGH PRESSURE 1. THE VESSEL IS PADDED WITH NITROGEN 

AT J)- PSIG.-

2. THE PSV IS SET FOR 15 PSIG.

3. THE VESSEL'S MAWP IS 20 PSIG.

JBA: 7/85 
OH13
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Fluid Bed Dryer
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FLUID BED DRYER

HIGH TEMPERATURE 

(CPE FIRE)

PROBLEM

DUST EXPLOSION

JBA: 7/85 
OH14

SAFETY MEASURE

1. INLET TEMPERATURE CONTROLLED AT 45-60°C.

2. HIGH TEMPERATURE ALARM AT 95°C.

3. TUBE BUNDLE CLEANOUT ON CRITICAL 

INSTRUMENT LIST SEMI-ANNUALLY.

4. BED PLATE CLEANED REGULARLY AS NECESSARY.

ARC

GASING AND DECOMPOSITION AT 190°C 

RUNAWAY AT 251°C AT COW RATES WHICH 

DID NOT CUSTAIN THEMSELVES WHEN TESTED 

TO 300°C.

1. CPE IS NOT CONSIDERED TO BE A DUST 

EXPLOSION HAZARD BY ITSELF. THERE 

HAS BEEN A PROBLEM WITH ADDITIVES SUCH 

AS CAST. ONLY TALC IS ADDED TO THE 

CPE IN THE PILOT PLANT DRYER.

r.ONFTDFNTTAl.
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RESIN ANALYSIS - THF TEST

PROBLEM
FLAMMABILITY

REACTION WITH 
STRONG BASE

PEROXIDE FORMATION

JBA: 7/85 
OHX5

SAFETY MEASURE
1. One gallQn metal cans are used as per s«lp 

405.

2. IT IS HANDLED ONLY IN THE FUME HOOD.

1. DISCUSSED IN SAFETY MEETINGS. OPERATORS 
ARE AWARE OF THE HAZARD.

2. RESIN IS HAND SQUEEZED TO REMOVE AS MUCH 
LIQUID AS POSSIBLE PRIOR TO DISSOLUTION 
IN THF.

3. THE CAUSTIC IS ADDED TO THE NEUTRALIZER 
FROM A SEPARATE ONE GALLON CAUSTIC POT 
IN ONE GALLON ALIQUOTS.

4. PROCEDURES PROHIBIT ADDING CAUSTIC 
- DIRECTLY.

1. WHEN A NEW CAN OF THF IS OPENED, IT IS 
LABELED WITH THE DATE.

2. ANY OPEN CAN IS USED UP BEFORE ANOTHER 
CAN MAY BE OPENED.

3. DURING THE PROCEDURE, WATER IS ADDED TO 
THE THF (PREVENTING PEROXIDE FORMATION).

4. THF, WATER WASTE ARE PLACED IN THE LAST 
EMPTY CAN OR A SPECIAL PLASTIC CONTAINER 
AND LABELED THF + WATER.

5. THE WASTE CONTAINERS ARE DISPOSED OF BY THE 
PRODUCTION PLANT.

DO 005228
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TYPICAL PILOT PLANT RUN CHRONOLOGY

1. 20 POUNDS or PE, 250 GRAMS Or TALC OR 102 GRAMS OF PVP ARE WEIGHED OUT.

2. 25 ML OF T-DET ARE MEASURED.

3. THE T-DET IS DISSOLVED IN 189 POUNDS OF COLD POTABLE WATER.

4. THE TALC OR PVP, AS REQUIRED, IS ADDED.

5. THE PE IS ADDED AND ALLOWED TO AGITATE FOR A FEW MINUTES.

6. THE CHLORINE SYSTEM IS PRESSURIZED WITH CHLORINE AND PURGED OF 
NITROGEN.

7. THE WATER IN THE REACTOR IS DRAINED AND THE PE SLURRY IS TRANSFERED 
TO THE REACTOR.

8. THE REACTOR SLURRY IS HEATED, USING THE JACKET, TO 100°C.

9. THE REACTOR IS VENTED TO THE DITCH.

10. THE REACTOR IS COOLED TO 95°C.

11. THE CHLORINE VALVES ARE OPENED, AND THE CHLORINE Iff ALLOWED TO 
FLOW AT 0 - .4 LB/MIN., AND THE TEMPERATURE IS ALLOWED TO “INCREASE 
AT 0 - .2°C/MIN. AS PER THE PROGRAM.

12. AT 115°C, 250 GRAMS OF TALC ARE ADDED IF THE PROGRAM CALLS FOR IT.

13. WHEN THE TOTAL AMOUNT OF CHLORINE (APPROX. 22.5 LB) HAS BEEN ADDED,
AND THE FINAL TEMPERATURE REACHED (APPOX. 130°C), THE CHLORINE 
FLOW IS SHUT OFF AND THE REACTOR IS COOLED.

14. WHEN THE SLURRY HAS COOLED TO 85°C, THE TRANSFER VALVES ARE OPENED 
AND THE RUN MAY BE PRESSURED TO THE NEUTRALIZER WITH NITROGEN.

JBA: 7/85 
OH16
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15. THE REACTOR IS THEN REFILLED WITH WATER.

16. THE NEUTRALIZER INITIALLY HAS A 20 PERCENT LEVEL OP POTABLE WATER.

17. AFTER THE RUN IS IN THE NEUTRALIZER, THE LEVEL IS AGAIN DROPPED 
TO 20 PERCENT.

18. THE NEUTRALIZER IS THEN REFILLED TO 60 PERCENT ANDD HEATED TO 95 C.

19. THE LEVEL IS THEN DROPPED TO 20 PERCENT.

20. STEPS 16 AND 17 ARE REPEATED FOR 30 MINUTES.

21. WITH THE LEVEL AT 60 PERCENT AND THE LIQUOR HOT, ONE GALLON OF 
CAUSTIC IS ADDED.

22. AFTER 30 MINUTES, THE RESIN IS SAMPLED AND IT'S PH IS DETERMINED 
BY USING THE THF TEST.

23. IF THE RESIN IS NOT NEUTRAL AFTER TWO HOURS, AN ADDITIONAL GALLON 
OF CAUSTIC MAY BE ADDED.

24. WHEN THE RESIN IS NEUTRAL, THE 20-60 PERCENT WASHING CYCLE IS 
RESUMED FOR 45 MINUTES.

-25, THE SLURRY IS-THEN COOLED TO LESS THAN 45°C.

26. THE SLURRY IS DUMPED INTO A SIPHON BARREL TO DRAIN.

27. THE RESIN IS THEN EXPRESSED AND LOADED INTO THE DRYER WITH 125 GRAMS 
OF TALC.

28. COLD AIR AND NITROGEN ARE BLOWN THROUGH THE RESIN UNTIL IT IS DRY 
ENOUGH TO FLUIDIZE.

29. THEN THE NITROGEN IS SHUT OFF ANDD THE AIR TEMPERATURE IS INCREASED 
TO 60°C.

30. WHEN THE RESIN APPEARS DRY (THIS IS OBVIOUS WITH EXPERIENCE), THE 
HEAT IS TURNED OFF AND THE RESIN IS FLUIDIZED WITH COOL AIR FOR A 
FEW MINUTES.

31. WHEN IT IS COOL, THE RESIN IS DUMPED INTO A BOX AND TAKEN TO THE 
LAB FOR ANALYSIS.

JBA: 7/85
OH17
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APPENDIX A

CHEMICAL SAFETY CHECKSHEETS AND MATERIAL

SAFETY DATA SHEETS

JBA: 7/85 
0H18

CONFTDFNTTAl 
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CUBICAL SAFETY CHECXSHEET

To B* Ccmpl«t«J By Any Uanrs For All Cfowlcals

CHEMICAL CYSTIC 50'/. W/w MELT IMS POINT

EXPLOSURE (pp«) VAPOR PRESSURE 1.5 VMM* <1+ 2X>*C

BOILING POINT V\Yf. 145* c CORROSIVENESS Hl<oM

EXPLOSIVE LIMITS

/— 
n/a CHEMICAL REACTIVITY <£Tgh)- LOW

FLASH POINT n|a STABILITYtTo pH CHANGE, HEAT, LIGHT 6oOC>

IGNITION TS4P.
____n/a -

USING SAFETY CONTAINER M I A

TOXIC PROPERTIES AvjaiD IM6€5T\okJ . EWSKliO CONTACT, /M hM-ATtosj
7

PROTECTIVE EQUIPMENT TO BE USED:

---r------ —---------------- 7

MONOGOGGLES X FUME HOCO _

FACE SHIELD X SPECIAL mECAUTIONS Avo\t> Au-

GAS MASK
-

6Ye/ S\Clio

SLICKER SUIT X R6ACT v4 v-m Aluminum,

RUBBER BOOTS X
^ /

BfcteS. BIohze

RUBBER GLOVES X
/ 1 /

OTHER_________ ___________

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHEMICAL OR MIXTURE:

SUBJECT TO TSCA7 © NO

ON TSCA INVENTORY? @) noQimo-ij-z]

PLEASE COI^IW WITH SUPPLIER 

USED FOR RAO ONLY7 YES 4j§)

IN COMPLIANCE WITH ALL MFtOFNT
TSCA RULES A ORDERS YES NO c°Nh

— //^AS

THIS CUBICAL? (ye?) NO

GROUP LEADER DiW*.

USERS SIGNATURE DATE

/i }t<)?4

jjrt *'*£■'*
/fit*

ii i /% s~~

1AL
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material safety data sheet f a s : 1
OOW CHEMICA- J.S.A. MIDLAND MICHIGAN R3S40 EMERGENCY 3HCNE: 51 7 - S3 S-M '■» 0 C

effective date;: 2<* aug sr cat? print::: 5 sep sr product coo-:: 1521s

product name: cajstic soda solution sox ms: 0101

instlDiems 1 tr3i:a•_ vauues-ndt s»-:ciricationsj

SODIUM hydroxide 
WATER : balance:

SECTION 1 PHYSICAL DATA

3oi_ing fdint: 233F, 1 a5c approx. : sol. in water: water solution
V A3 3RESS: 1.5 3.5 K 3 A 3 23C: SP. GRAVITY: i 2 CD <DE:NS.) 1.52 3/vL
va3 density <air = d:-------- : x volatile by vol: low (water)

( P 3 E A R A N CE an: 333R: COLORLESS to SLIGHTLY COLDRED.LIDUIO*- NC ODCP.

^ SECTION 2 31R E AN 3 EX^-LCS I ON..HAZ AR 3 D^ATA - _ -

RLASH POINT: NDNE
1ETH03 USED: NOT A33LICAE-LE

: FHM.MA3LE LIMITS
: lcl: not a3plic• jfl: not arplic.

EXTINGUISHING MEDIA.* NON-C0M5UST13lE.

SPECIAL FIRE RIGHTING E3D13*ENT ANO HA ZA3DS: IN WATER SOLUTION 
CAJSTIC CAN REACT WITH AMPHOTERIC METALS (SJCH AS ALUMINUM)
GENERATING HYDADSEr WHICH I *5 FLAMMABLE AND/OR EX3L05IVE WHEN IGNITES.

SECTION 3 REACTIVITY DATA

STA3I.ITY: 3 R 3 3 JC T 43S0R5S WATER AND CARBON DIOXIDE FRO*' THE Air.
<EE3 CONTAINERS C.OSED AND SEALED.

INC0M3ATI3ILITy: WATER AND ACID. PRODUCT IS STRONG CAUSTIC ALKALI. MAY 
REACT VIO.ENT.Y DR EX3LOSIVE.Y .I^H WATER. ACID. AND A NUMBER OF ORGANIC 
C 3 V3 D L11, C S • CAUSTIC REACTS RA3IO.Y wITn ALJMINUM» TIN. AND ZINC. IT WIL 
ALSO REACT WITH 3RJN2E AND 6RA53.

HAZARDOUS DECDM3C31TI 0\ PRODUCTS: NONE*

^ lA/ARDDUS 3D^YMER1Z4TI0N: WILL NOT OCCUR.

^ SECTION A S3 IL L * LEAK. AvD DISPOSAL 3 R 0 D E DU< ES

4CTICN TC TAKE R D R SPILLS: ONLY TRAINED AND PRD3ER.Y 3ROT 
SHOULD 5 E INVO.VED IN I3ILL CLEANUP CPEJATI0N3. ACTING
sma._ A;cr;-:\Ti. s3:lle df caustic soda solution should

DO 005233
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MATERIAL S A F E t Y DATA S H E £ T P-,.: 2 
OOW DiEMlCA. J.S.A. MID.AnD -ICHIJif. MS&4P E*ERGEJCY PHCNE: 517-EJ S-4 40 C

C-:crw" date: ?<• ajg 34 date printed: 5 s:n b** product code: 13213 
.dojot (ccnt*d>: :ajstic soda solution eot f*sd: om

SECTION 4 $=>ILL, L£i< » AMD DISPOSAL 3 * DO £ D Us £ S (CONTINUED!

ACTION TC TAKE *D^ SPILLS: (CONTINUED)
*.UM£:: WIT-1 *ATER. DILUTE ACID* PREFERAB.Y ACETIC acid* may be used 
TD nEJTRA_IZE D\u Y THE FINAL TRACES of CAUSTIC A r T E R FLUSHING.

DISPOSAL METHOD; DISPOSAL of CAUSTIC SODA must MEET all "DlFAL*
STATS AMD L D C A _ REGULATIONS. CONTACT THE DUJ CHEMICAL COMPANY 
=DR ADDITIONAL INFORMATION.

S£CTIGN 5 HEALTH HAZAPO DATA

EYE: MAY CAUSE SEVERE IRRITATION WITH CO*<EAL INJURY AND RESULT IN 
PERMANENT IMPAIRMENT 3^ VISION. EVEN BLINDNESS. DUSTS MAY IRRITATE 
EYES.

S'-IN CONTACT: SHORT SINGLE EXPOSJRE MAY CAUSE SEVERE SKIN BL'F.r %k

SKIN ABSORPTION: a SINGLE PROLONGED SKIN EXPOSURE IS NOT wIKELY TO RESULT I\ 
A3SDR=TlDN Dr HARMFUL AMOUNTS. THE DERMAL LD50 HAS NOT BEEN 
DETERMINED.

STIO-:: May CAJSE 3 ASTRO INTEST I _N AL IRRITATION OR L.CERJTIG1. AND 
VERE -BURNS 0r 7+E KQLTH AND THROAT. SINGLE DO S E - DR *.L LD£L_ H S N D T * 
EN DETERMINED.-^ --. . - - -

INHALATION: DUSTS DR MISTS -<AY CAUSE SEVERE IRRITATION TD J®P£R 
RESPIRATORY TRACT.

SYSTEMIC J DTHER EFFECTS: --------

SECTION S FIRST AID

EYES: .'ASH EYES IMMEDIATELY AND CONTINUOUSLY L'NTI. 
FDR TRANSPORT TO MEDICAL FACILITY? .ASH ENRDJTE* 
MEDICAL ASSISTANCE IS NOT IMMEDIATELY AVAILABLE* 
AND SEEK MEDICAL ATTENTION IMMEDIATELY.

ASSISTANCE ARRIVES 
IF POSSIBLE. If 
WASH FOR 30 MINUTES

SKIN! IMMEDIATE CONTINUED AND THOROUGH HASHING IN CLDJINC- WATER FDR
30 MINUTES IS IMPERATIVE «HIlE REMOVING CONTAMINATED CLOTHING* PROMPT 
MEDICAL CD*. 3U.TATIDN IS ESSENTIAL. WASH CONTAMINATED CLOTnl r»G 5Er0RE 
REUSE. DESTROY CONTAMINATED SHOES.

IN3ESTI0-: DC NOT INDUCE VOMITING. GIVE LARGE AMDJNTS OF JATER CR MI_K 
IF AVAILABLE AND TRANSPORT TD MEDICAL FACILITY.

j ‘ N H A L a T 1 ' NI Si'OVE TD F*-E$n AIR 1= E FE C T S OCCjF. CONSULT MEDICAL. roNFTDFNTI AL

‘T E ro PHYSICIAN: CORROSIVE. *;y CAUSE STRICTURE. IF LAVACE . DO 005234
is p-;rc:kved• sjogest endotracheal and/cr E3d=ha3o::of :c cu\trcl.
MATERIA, IE STRONG ALKALI. IF BURN IS PRESENT, T - E A T AS ANY TnERU.
BU5'*, AFTER OECCNTAMINaTI ON. FDR BURNS OF SKIN ONLY. EYE IRRIGATION 
MAY BE NECESSARY fj? & TOTAL DC 4^ *IN*TES TC REMOvE aE ML'C.i CAUSTIC 
AS POSSIBLE. DURATION OF IRRIGATION AND TR^AT'ENT IS AT T-iE



material safety data s h 
dcj j.s.a. midland Michigan mbsao emergency 3hc

T F A 3 £ ; 3 
517-fc36-A<»CC

(--;e:tive oat-:: ?r ajg s«. dat-: primed: 5 sep 54 
oduct j:ovto»: caustic soda solution 50*

PRODUCT CODE: 1521S
«sc: Qi3i

3 r: T 10 M FIRST AID (CONTINJED)

note to physician: ccnti\jed>
DISCRETION 0= MEDICAL PERSONNEL. NO SPECIFIC ANTIDCTE. SUFPGPTIVE 
Z\\i, TREATMENT 3ASED ON JUDGMENT 3r THE PHYSICIAN I Ni RESPONSE T3
reactions cr the patient.

SECTION 7 SPECIAL HANDLING INFORMATION

EXPOSJ^: GUIDE.INE(S): SODIUM HYDROXIDE: AC31 n TLV IS 2 MC-/K3 CEILING*
3 3 H A IS 2 M 3 / M 3 < U A >.

VENTI.ATION: C3NTR3. AHECINt CONCENTRATIONS EE.OJ The EYp?SJRE C-UIDE.IUE. 
33 33 GEVE2AL VENTILATION SUFFICIENT r3R MOST OPERATIONS.

RE S 3 IR AT C3 V PROTECTION: IN MISTY ATMOSPHERES* USE A\ iPPPQVEj MIST
RESPIRATOR. I- RESPIRATORY IRRITATION IS EXPERIENCED* USE AN.-APPROVED 
AI.R-PjFIrriNG RES=IRATC=.

protective clothing: JSE
SELECTION OF S 3 : I -1 c 
OR rJlL*30DY SJIT Wll.

CTHIM IMMEDIATELY ,
3 MI-* 3 3E*ORE RTUSE•

PROTECTIVE CLOTHING IMPERVIOUS TO THIS MATERIAL. 
ITEMS SUM AS GLOVES* BOOTS* APRON* FjCE-SHIElD 

DEPEND ON OPERATION. REMOVE CONTAMINATED 
WASH SKIN APEA WITH SOAP AND WATER, AND LAJNDER

EYE PROTECTION: JSE Chemical-goggles* full face SHIELD IN ADDITION to 
30G3.ES MAY BE DESIRA3LE TO PROTECT FACE. M AI V T AIEYE wASh FOUNTAIN 
AND SAFETY SHOWER AT DP NEAR WQP< AREA.

SECTION S SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: PREVENT EyE AND SKIN CONTACT. 
DO NOT 3REATHE DJSTS OR MISTS.

AVOID STORING NEXT TO STRONG ACIDS. CAUSTIC SHDULD BE STORED IN 
* C.EAN* DRY AREAS 433VE GROUND LEVEL. PRODJCT ABSORBS A T E R AND C02 

FROM AIR. SEE3 CONTAINERS CLOSED AND SEALED.

ADDING WATER AND OTHER SUBSTANCES MAY GENERATE EXCESSIVE HEAT * 
SPATTERING AND M5TS. SOLUTIONS OF GREATER THAN *5* A*E VISCOUS AND 
S.IPPEFY.

ADDITIONAL indorsation: -eviseo sections 4. 5* 3* 7* AND

LAST p A 3i
t R ) INDICATES A 
'HE INFD=MATI0N

TRADEmA5\ 
HEREIN I $

0r THE 
GIVEN

:y C.HEsiCA. 
GOOD FAITH.

COMPANY 
3 J T N C

iXPRESSED ‘OR IMPLIED* IS mo; 
:~R FJRTHER INFORMATION.

CCNCLLT T*E DOW CHEMICAL
: R A N T Y ,
company

DO 005235

CONFIDENTIAL



CHB4ICAL SAFETY CHECXSHEET

To B« Canplatad By Any Usiri For All CbMlcalt

CHB4ICAL MEETIMS POINT
- 101*0

TU
■CXPhOSWftC (pp<i) 1.0

« ptU «t 0-C 
VAPOR PRESSURE at lo'C'

BOILING POINT _ - Vf'e- f-So’p) CORROSIVENESS £X TR6M€

MOMS. CHEMICAL REACTIVITY LOW

NOtJE,___________________  STABILITWo pH CHANGE, HEAT, LIGHT $OOP

EXPLOSIVE LIMITS 

FLASH POINT

IGNITION TB4P. NokIE

USING SAFETY CONTAINER lUL
TOXIC PROPERTIES Cftd CA*K& ER€A-TVHi4<a PifRcOCOfcS ; SKiM tREiTAHod. P6ATH

PROTECTIVE EQUIPMENT TO BE USED: 

MONOGOGGLES X FUME HOOO

FACE SHIELD SPECIAL PRECAUTIONS See flftadr\dl sUte-f

GAS MASK X ■fov' a<AA\V*pwaI iwfomnAalltM

SLICKER SUIT X

RUBBER BOOTS X

RUBBER GLOVES X

OTHER

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHB4ICAL OR MIXTURE;

THIS CH94ICAL? © NO SUBJECT TO TSCA7 <@> NO

GROUP LEADER
Alsjaavl

ON TSCA INVENTORY? ©) NO [lIU*1

USERS SIGNATURE DATE PLEASE CCTFIW WITH SUPPLIER

USED FOR R&O ONLY? YES <N&)

0*
\

'hi^ ■r^''
njvl: !«f

IN COMPLIANCE WITH ALL 
TSCA RULES l ORDERS YES

-Me.
j/ifsr:

NO CONFTDFNTTAL

AtkzL- iM*
A ti

DO 005236



f
MATER 

DOW CHEMICAL U.S.A.
IAL SAFETY OATA SHEE 
MIDLAND MICHIGAN 486*0 EMERGENCY PHONE:

T PAGE: 1 
517-636-44 0 0

EFFECTIVE DATE: 09 SEP 81 PRODUCT CODE: 16276

PRODUCT NAME CHLORINE* GASEOUS H.P. MSO: 1122

INGREDIENTS (TYPICAL VALUES-NOT SPECIFICATIONS) 

CHLORINE

SECTION 1 PHYSICAL DATA

:. % : 

: 99.5 :

BOILING POINT: -29.3F (-340 
VAP PRESS: 82 PSIG S 68F* 20C 
VAP DENSITY (AIR=1>: 2.49 332F,0C

SOL. IN WATER: 0.73G/100G H20 3 20C 
SP. GRAVITY: 1.47S32F,0Ci 53.2 PSIA 
X VOLATILE BY VOL: 99.0

appearance and odor: ams 
under pressure; vapori

ER COLOR - PUNGENT ODOR? 
ZES TO GREENISH - YELLOW

LIQUIFIED GAS 
3AS.

SECTION 2 FIRE AND EXPLOSION HAZARD OATA

I^LASH POINT: NONE- 
liETMOD USED: NOT APPLICABLE

FLAMMABLE LIMITS
lfl: not applic. ufl: not appl'ic.

EXTINGUISHING MEDIA: DO NOT USE WATER DIRECTLY ON A 
A FOG NOZZLE IN AREA CAN BE USED TO ABSORB GAS.

CHLORINE LEAK.

SPECIAL FIRE FIGHTING EQUIPMENT AND HAZAROS: A POSITIVE-PRESSURE 
BREATHING APPARATUS FOR RESPIRATORY PROTECTION ANO PROTECTIVE 
CLOTHING. MAY REACT TO CAUSE FIRE AND/OR EXPLOSION UPON CONTACT 
WITH MANY ORGANIC COMPOUNDS* AMMONIA* HYDROGEN, OR FINELY CIVIDED 
METALS, OR WITH STEEL AT ELEVATED TEHPEPATURES.

SECTION 3 REACTIVITY DATA

STABILITY: AVOID PROXIMITY TO FLAMMABLE MATERIALS INCLUDING 
CHEMICALS.

INCOMPATIBILITY: MANY ORGANIC COMPOUNDS* AMMONIA, HYDROGEN, MOIST
OR HOT STEEL, ANO MANY FINELY DIVIDED METALS. MAY REACT EXPLOSIVELY 
WITH SCME ORGANICS UNOER CONFINEMENT.

HAZARDOUS DECOMPOSITION PRODUCTS: NONE.

HAZARDOUS POLYMERIZATION: WILL NOT OCCUR.

(CONTINUED ON PAGE 2 )
fc'R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COM3ANY

c.o^F
TP1
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material
OOU CHEMICAL U.S.A. MIDLAND

SAFETY DATA SHEE 
MICHIGAN 46840 EMERGENCY PHONE:

T page: 2 
517-636-4400

C EFFECTIVE DATE: 09 SEP 81
PRODUCT tCONT’D): CHLORINE, GASEOUS H.P

PRODUCT code:
MSD

1627^
112?

SECTION 4 SPILL* LEAK, AND DISPOSAL PROCEDURES

ACTION TO TAKE FOR SPILLS IUSE APPROPRIATE SAFETY EQUIPMENT): HOVE 
UNPROTECTED PERSONNEL CROSS-WIND. CLOSE NECESSARY VALVES WITH 
TRAINED PERSONNEL USING PRESCRIBED PROTECTIVE EQUIPMENT.

DISPOSAL METHOD: PRIOR TO DISPOSAL, THE ACTIVE CHLORINE MUST BE REDUCED OR 
DESTROYED. CHLORINE MAY BE ABSORBED IN DILUTE SOLUTIONS OF CAUSTIC 
(NAOH), SODA ASH <NA2C03)« OR HYDRATED LIME <CA<OH)2>. CAUSTIC AND 
SODA ASH SOLUTIONS SHOULD CONTAIN APPROXIMATELY 3 POUNOS PER GALLON, 
LIME 1 POUND PER GALLON, FOR 1 POUND CLCRINE. LOCAL, MUNICIPAL OR 
STATE AUTHORITIES SHOULD BE CONTACTED FOR DISPOSAL OF RESULTANT 
PRODUCT.

SECTION HEALTH HAZARD DATA

C1

INGESTION! NOT a PROBLEM, AS CHLORINE IS a GAS AT ROOM TEMPERATURE.

EYE CONTACT: LIQUID AND GAS - CAPABLE OF CAUSING A BURN AND IRRITATION.

SKIN CONTACT: LIQUID AND GAS - CAPABLE OF CAUSING A BURN OR BLISTERS.

SKIN ABSORPTION: NOT LIKELY A PROBLEM BECAUSE OF BURN AND BECAUSE IT 
.IS A_ GAS. - .

INHALATION: OSHA CEILING AND ACGIH TLV IS 1 PPM.

EFFECTS OF OVEREXPOSURE: MARKED IRRITATION: EYES, NASAL l THROAT 
LININGS. LUNG INJURY. SO IRRITATING, IT MAY BE DIFFICULT OR 
IMPOSSIBLE TO BREATHE.

SECTION 6

FIRST AID PROCEDURES:

FIRST AID-NOTE TO PHYSICIAN

EYES: EXPOSURE TO LIQUID CHLORINE - IMMEDIATE AND CONTINUOUS IRRIGATION 
WITH FLOWING WATER FOR AT LEAST 15 MINUTES IS IMPERATIVE. PROMPT 
MEDICAL CONSULTATION ESSENTIAL. EXPOSURE TO CHLORINE GAS - IRRIGATE 
WITH FLOWING WATER IMMEDIATELY ANO CONTINUOUSLY FOR 15 MINUTES. REFER 
TO MEDICAL PERSONNEL.

SKIN: EXPOSURE TO LIQUID CHLORINE - SKIN BURN LIKELY. IMMEDIATE 
CONTINUOUS AND THOROUGH WASHING IN FLOWING WATER FOR 15 MINUTES IS 
INDICATED. REMOVE CLOTHING IMMEDIATELY. DISCARD ALL CONTAMINATED 
CLOTHING AND ACCESSORIES.

INHALATION: REMOVE TO FRESH AIR if EFFECTS OCCUR. IF RESPIRATION STOPS 
< GIVE MOUTH TO MOUTH RESUSCITATION. AOMINIS TER OXYGEN IF AVAILABLE.

( CALL PHYSICIAN AND/OR TRANSPORT TO MEDICAL FACILITY.

(CONTINUED ON PAGE 3 )
(R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY

CONFIDE^1*1
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material safett oata sheet page: 3
OOW CHEMICAL U.S.A. MIDLAND MICHIGAN 48640 EMERGENCY PHONE: 517-636-<*4 0C

EFFECT IV
■>roouct

E DATE: 09 SEP 81 
(CONT’D): CHLORINE. GASEOUS H.P

PRODUCT COOE: 1S27S 
MSD: 1122

SECTION 6 FIRST AID-NOTE TO PHYSICIAN (CONTINUED).

INGESTION: NOT a PROELlM AS CHLORINE IS A GAS AT ROOM TEMPERATURE*

NOTE TO physician:
EYES: LIQUID VERY CORROSIVE. MAY CAUSE CORNEAL INJURY OR BURN.

STAIN FOR EVIDENCE OF CORNEAL INJURY. IF CORNEA IS INJURED. 
INSTILL ANTIBIOTIC STEROID PREPARATION FREQUENTLY. CONSULT 
OPHTHALMOLOGIST. GAS - INJURY IS UNLIKELY.

SKIN: LIQUID VERY CORROSIVE. MAY CAUSE BURN. IF BURN IS PRESENT.
TREAT AS ANY THERMAL BURN.

RESPIRATORY: MAY CAUSE SEVERE. IRRITATION. MAY CAUSE PULMONARY EDEMA.
AOMINISTER OXYGEN IF AVAILABLE. BRONCHODILATORS. EXPECTORANTS. 
AND ANTITUSSIVES MAY BE OF HELP. MECHANICAL SUPPORT OF RESPIR­
ATION MAY BE NEEDED.

SYSTEMIC: HIGHLY TOXIC. CONSULT STANDARD LITERATURE. TREATMENT BASE
ON SOUND JUDGMENT OF PHYSICIAN AND THE INDIVIDUAL REACTIONS OF 
THE PATIENT.

SECTION 7 SPECIAL HANDLING INFORMATION

VENTILATION: RECOMMEND CONTROL OF VAPORS TO SUGGESTED GUIDE.

I RESPIRATORY PROTECTIONS APPROVED ACID "G~AS“TYPE RESPIRATOR REQUIRED 
IN ABSENCE OF PROPER ENVIRONMENTAL CONTROL. FOR ENTRY INTO 
EMERGENCY AREAS. USE ONLY A POSITIVE PRESSURE BREATHING APPARATUS. FC 
ESCAPE FROM EMERGENCY AREA USE AN APPROVEO ESCAPE-TYPE MASK.

PROTECTIVE CLOTHING: RUBBER GLOVES. APRON AND BOOTS AND FULL FACE 
SHIELD OVER EYE PROTECTION.

EYE PROTECTION: GAS TIGHT GOGGLES OR EQUIVALENT. SUGGEST SEVERAL EYE 
FOUNTAINS AND SAFETY SHOWERS READILY AVAILABLE. SO AT LEAST ONE IS 
AVAILABLE IN AN EMERGENCY.

SECTION 8 SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: NO ATTEMPT SHOULD 3E 
HADE TO HANDLE OR STORE CHLORINE WITHOUT A COMPLETE REVIEW OF THE 
CHLORINE MANUAL. AVAILABLE FROM THE CHLORINE INSTITUTE. INC.*
NEW YORK.

ADDITIONAL INFORMATION: 09 SEP 81 REVISED FROM 23 OCT 79 —
INGREDIENT SECTION AND SECTIONS 1.6.7. CONSOLIDATED MSDS 105* 
809. 810* AND 1123.

(CONTINUED ON PAGE 4 >
(Rl INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY



DOW
MATERIAL 

CHEMICAL U.S.A. MIDLAND
SAFETY DATA SHEET PAGE: A
MICHIGAN *8640 EMERGENCY PHONE: 517-636-4*00

EFFECTIVE DATE: 09 SEP 81
PRODUCT (CONT'O): CHLORINE. GASEOUS H.P.

PROOUCT CODE: 1627c 
usd: 1127>

last page

(R) INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY

CONSULT THE OOU CHEMICAL COMPANY FOR FURTHER INFORMATION.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH, BUT NO WARRANTY, 
EXPRESSED OR IMPLIED. IS MADE.

OONFTDFNTTAL 

00 005240



MATER 
DOW CHEMICAL U.S.A.

I A L SAFETY DATA SHEE
MIDLAND MICHIGAN A86A0 EMERGENCY PHONE:

T
517

PAGE: 1 
63G-<l40C

EFFECTIVE DATE 09 SEP 81 PRODUCT CODE: 1S295

PRODUCT name: CHLORINE* LIQUID MSC: 1122

INGREDIENTS CTYPICAL VALUES-NOT SPECIFICATIONS) : % :

CHLORINE I 99.5 :

SECTION 1 PHYSICAL DATA

BOILING POINT! -29.3F (-340 : SOL. IN UATER: 0.73G/100G H20 2 20C
VAP PRESS: 82 PSIG 3 6BF, 20C : SP. GRAVITY: 1.47332F,0CX_53.2 PSIA
VAP DENSITY <AIR=1>: 2.4? S32F.0C : * VOLATILE BY VOL: 99.C

APPEARANCE AND ODOR: AMBER COLOR - PUNGENT ODOR? LIQUIFIED GAS 
UNDER PRESSURES VAP0RI2ES TO GREENISH - YELLOW GAS.

SECTION 2 FIRE AND EXPLOSION HAZARD DATA

fLASH'POINT: NONE " - _ : FLAMMABLE LIMITS
PiETHOD USED: NOT APPLICABLE : LFL: NOT APPLIC. UFL: NOT APPLIC.

EXTINGUISHING MEDIA: DO NOT USE UATER DIRECTLY ON A CHLORINE LEAK. 
A FOG NOZZLE IN AREA CAN BE USED TO ABSORB GAS.

SPECIAL FIRE FIGHTING EQUIPMENT AND HAZARDS: A POSITIVE-PRESSURE 
BREATHING APPARATUS FOR RESPIRATORY PROTECTION AND PROTECTIVE 
CLOTHING. MAY REACT TO CAUSE FIRE AND/OR EXPLOSION UPON CONTACT 
WITH MANY ORGANIC COMPOUNDS* AMMONIA. HYDROGEN* OR FINELY OIVIDED 
METALS. OR WITH STEEL AT ELEVATED TEMPERATURES.

SECTION 3 REACTIVITY DATA

STABILITY: AVOID PROXIMITY TO FLAMMABLE MATERIALS INCLUDING 
CHEMICALS.

INCOMPATIBILITY: MANY ORGANIC COMPOUNDS* AMMONIA* HYDROGEN, MOIST
OR HOT STEEL, ANO MANY FINELY DIVIDED METALS. MAY REACT EXPLOSIVELY 
WITH SOME ORGANICS UNDER CONFINEMENT.

HAZARDOUS DECOMPOSITION PRODUCTS: NONE.

HAZARDOUS polymerization: WILL NOT OCCUR.

I (CONTINUED ON PAGE 2 >
M) INOICATES A TRADEMARK OF THE DOU CHEMICAL COMPANY

oo 0052A1
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I

MATERIAL 
DOU CHEMICAL U.S.A. MIDLAND

SAFETY DATA S H E E 
MICHIGAN *864(1 EMERGENCY PHONE:

4
T PAGE: 2 
* 17-636-44G 0

( EFFECTIVE DATE: 09 SEP 81 
PRODUCT CC0NT»D>: CHLO RINE * LIQUID

PRODUCT CODE: 1S295 
MSD: 1122

SECTION * SPILL* LEAK* ANC DISPOSAL PROCEDURES

ACTION TC TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIPMENT): MOVE 
UNPROTECTED PERSONNEL CROSS-WIND. CLOSE NECESSARY VALVES WITH 
TRAINED PERSONNEL USING PRESCRIBED PROTECTIVE EQUIPMENT.

DISPOSAL METHOD: PRIOR TO DISPOSAL* THE ACTIVE CHLORINE MUST BE REDUCED OR 
DESTROYED. CHLORINE HAY BE ABSORBED IN OILUTE SOLUTIONS OF CAUSTIC 
(NAOH)« SODA ASH (NA2C03). OR HYDRATED LIHE <CA(0H>2>. CAUSTIC AND 
SODA ASH SOLUTIONS SHOULD CONTAIN APPROXIMATELY 3 POUNDS PEP GALLON*
LIME 1 POUND PER GALLON* FOR 1 POUND CLORINE. LOCAL* MUNICIPAL OR 
STATE AUTHORITIES SHOULD BE CONTACTED FOR DISPOSAL OF RESULTANT 
PRODUCT.

SECTION 5 HEALTH HAZARD DATA

INGESTION: NOT A PROBLEM* AS CHLORINE IS a GAS AT ROOM TEMPERATURE.

EYE CONTACT: LIQUID AND GAS - CAPABLE OF CAUSING A BURN AND IRRITATION.

SKIN CONTACT: LIQUID AND GAS - CAPABLE OF CAUSING A BURN OR BLISTERS.

SKIN ABSORPTION: NOT LIKELY A PROBLEM BECAUSE OF BURN AND BECAUSE IT- 
-- IS A GAS. ^ _ _

INHALATION: 0$HA CEILING AND ACGIH TLV IS 1 PPM.

arked irritation: eyes
SO IRRITATING. IT MAY BE DIFFICULT OR 

FIRST AID-NOTE TO PHYSICIAN

§
EFFECTS OF OVEREXPOSURE: MARKED IRRITATION: EYES. NASAL & THROAT 

LININGS. LUNG INJURY.
IMPOSSIBLE TO BREATHE.

SECTION 6 

FIRST AID PROCEDURES:

EYES: EXPOSURE TO LIQUID CHLORINE - IMMEDIATE AND CONTINUOUS IRRIGATION 
WITH FLOWING WATER FOR AT LEAST 15 MINUTES IS IMPERATIVE. PROMPT 
HEOICAL CONSULTATION ESSENTIAL. EXPOSURE TO CHLORINE GAS - IRRIGATE 
WITH FLOWING WATER IMMEDIATELY AND CONTINUOUSLY FOR 15 MINUTES. REFER 
TO MEDICAL PERSONNEL.

SKIN: EXPOSURE TO LIQUID CHLORINE - SKIN BURN LIKELY. IMMEDIATE 
CONTINUOUS AND THOROUGH WASHING IN FLOWING WATER FOR 15 MINUTES IS 
INDICATED. REMOVE CLOTHING IMMEDIATELY. DISCARD ALL CONTAMINATED 
CLOTHING ANO ACCESSORIES.

(
INHALATION: REMOVE TO FRESH AIR if EFFECTS OCCUR. IF RESPIRATION $T0=>$ 

GIVE MOUTH TO MOUTH RESUSCITATION. ADMINISTER OXYGEN IF AVAILABLE. 
CALL PHYSICIAN AND/OR TRANSPORT TO MEDICAL FACILITY.

(CONTINUED ON PAGE 3 ) mtTAI
<R> INDICATES A TRADEMARK OF THE DOW CHEMICAL COMPANY CONFTDFNii

DO 005242



EFFECTIVE DATE! 09 SEP 81
^product (cont*d>: chlorine. liquid

EFFECTIVE DATE: product code: 1&295 
msd: 1122

SECTION 6 FIRST AID--NOTE TO PHYSICIAN (CONTINUED)

INGESTION: NOT A PROBLEM AS CHLORINE IS A GAS AT ROOM TEMPERATURE.

NOTE TO fhtsician:
EYES: LIQUID VERY CORROSIVE. HAY CAUSE CORNEAL INJURY OR BURN.

STAIN FOR EVIDENCE OF CORNEAL INJURY. IF CORNEA IS INJURED. 
INSTILL ANTIBIOTIC STEROID PREPARATION FREQUENTLY. CONSULT 
OPHTHALMOLOGIST. GAS - INJURY IS UNLIKELY.

skin: liquid VERY corrosive, hay cause burn, if BURN IS PRESENT*
TREAT AS ANY THERMAL BURN.

respiratory: may cause severe irritation, hat cause pulmonary eoema.
ADMINISTER OXYGEN IF AVAILABLE. BRONCHCDILATORS. EXPECTORANTS. 
AND ANTITUSSIVES MAY BE OF HELP. MECHANICAL SUPPORT OF RESPIR­
ATION MAY BE NEEDED.

SYSTEMIC*. HIGHLY TOXIC. CONSULT STANDARD LITERATURE. TREATMENT BASED 
ON SOUND JUDGMENT OF PHYSICIAN AND THE INDIVIDUAL REACTIONS OF 
THE PATIENT.

SECTION 7 SPECIAL HANDLING INFORMATION

( 'ENTILATION: RECOMMEND CONTROL OF VAPORS TO SUGGESTED GUIDE.

J>.ESPlRAr&R-Y PROTECTION: APPROVED ACID GAS-TYPE RESPIRATOR REQUIRED 
W n ABSENCE OF FRGPER ENVIRONMENTAL CONTROL. FOR ENTRY INTO

EMERGENCY. AREAS. USE only A POSITIVE PRESSURE BREATHING APPARATUS. FOR 
ESCAPE PROM EMERGENCY AREA USE AN APPROVED ESCAPE-TYPE MASK.

PROTECTIVE CLOTHING: RUBBER GLOVES. APRON AND BOOTS AND FULL FACE 
SHIELD OVER EYE PROTECTION.

EYE PROTECTION: GAS TIGHT GOGGLES OR EQUIVALENT. SUGGEST SEVERAL EYE 
FOUNTAINS AND SAFETY SHOWERS READILY AVAILABLE. SO AT LEAST ONE IS 
AVAILABLE IN AN EMERGENCY.

SECTION 8 SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: VO ATTEMPT SHOULD 3E 
HAOE TO HANDLE OR STORE CHLORINE WITHOUT A COMPLETE REVIEW OF THE 
CHLORINE MANUAL. AVAILABLE FROM THE CHLORINE INSTITUTE. INC.*
NEW YORK.

ADDITIONAL INFORMATION: 09 SEP 81 REVISED FROM 23 OCT 79 —
INGREDIENT SECTION AND SECTIONS 1.6.7. CONSOLIDATED MSCS 10E.
809. 810. AND 1123.

/ (CONTINUED ON PAGE A >
(R) INDICATES A TRADEMARK OF THE COW CHEMICAL COM®ANY

CONFTDFNTTAL
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H A T E R 
DOW CHEMICAL U.S.A.

I A L SAFETY DATA SHEET PAGE*. A 
MIDLAND MICHIGAN *86*0 EMERGENCY PHONES 517-6J6-AA00

EFFECTIVE DATES 09 SEP 91 
PROOUCT CCCNT«D>: CHLORINE* LIGUID

PRODUCT CODES 16295
MSD: 1122 V

LAST 0AGE

CR) INDICATES A TRADEMARK OF THE DOU CHEMICAL COMPANY

CONSULT THE DOU CHEMICAL COMPANY FOR FURTHER INFORMATION.

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH* BUT NO WARRANTY* 
EXPRESSED OR IMPLIED* IS MADE.

I

(
(

CONFIDENTIAL

DO 005244



CH04ICAL SAFETY CHECXSHEET

To B» Conpl»t«l By Anv (iMrs For All Ch«*lc*l>

CH94ICAL CP6 -%15
MEET IMS POINT

\*>o'C

EXPLOSURE (ppm) VAPOR BtESSURE
h/a

BOILING POINT fj/h CORROSIVENESS Lo^o

EXPLOSIVE LIMITS l4 A CH84ICAL REACTIVITY HIGH -dow)

FLASH POINT Aj/ A STABILITY(To pH CHANGE, HEAT, LIGHT Goo*

IGNITION T&>.P.

USING SAFETY CONTAINER
n/a

TOXIC PROPERTIES CP£ IS M INCfcT MATERIAL - MopJTotOC

PROTECTIVE EQUIPMENT TO BE

MONOGOGGLES

USED:

FUME HOCO

FACE SHIELD
_ _

SPECIAL PRECAUTIONS - - '

GAS MASK
- - -

SLICKER SUIT

RUBBER BOOTS

RUBBER CLONES

°™£R___ JOST SjKftiy Gcfstert roNFTOFNTlAl

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHWICAL OR MIXTURE: DO 005?A=>

this cubical? frTj) NO SUBJECT TO TSCA? <5B> NO

GROUP LEADER DaLV€, ON TSCA INVENTORY? ©

USERS SIGNATURE DATE PLEASE COlFIfM WITH SUPPLIER
*&/*>■-

-a/ii/Fy USED FOR R&D ONLY? YES

IN CtXPLIANCE WITH ALL

■M r
TSCA RULES l ORDERS YES NO

'Ji/# K I ' j 1

„ ^



EFFECTIVE DATE: 19 JUN 79 PRODUCT CODE: 13652

PROOUCT NAME: CPE 3615 " MSP: 1038

MATERIAL SAFETY DATA SHEET PAGE: l
DOW CHEMICAL U.S.A. MIDLAND MICHIGAN *8640 EMERGENCY PHONE: 517*636-4400

INGREDIENTS (TYPICAL VALUES-NOT SPECIFICATIONS) X

HD POLYETHYLENE» CHLORINATED :
CHLORINE CONTENT OF POLYMER J 36
CRYSTALLINITY : <2

SECTION PHYSICAL DATA

BOILING POINT: -------
vap press: -------
VAP DENSITY (AIR=1): -------
APPEARANCE AND ODOR: COLOR 

ODOR - NONE*

: sol* in uater: nil 
: sp. gravity: 1.17
: X VOLATILE BY VOL: 0.2 

OFF WHITE. PHYSICAL STATE - CRUMBS.

SECTION 2 FIRE AND EXPLOSION HA2ARC ^DATA

FLASH point:
METHOD USED*. NOT APPLICABLE 
EXTINGUISHING MEDIA: WATER FOG. 
SPECIAL FIRE FIGHTING EQUIPMENT 

APPARATUS.

I FLAMMABLE LIMITS (STP IN AIR)
: lfl: not applic. ufl: not applic.

FOAM, ALCOHOL FOAM, C02, DRY CHEMICAL.
AND hazards: self-contained breathing

SECTION 3 REACTIVITY DATA

stability: avoid high temperatures - HCL gas
EVOLVED.

incompatibility: -------
HAZARDOUS DECOMPOSITION PRODUCTS: HCL GAS.
HAZARDOUS POLYMERIZATION: WILL NOT OCCUR.

SECTION 4 SPILL, LEAK, AND DISPOSAL PROCEDURES

ACTION TO TAKE FOR SPILLS (USE APPROPRIATE SAFETY EQUIPMENT): SWEEP 
UP AND OISCARD.

DISPOSAL METHOD: BURN IN ADEQUATE INCINERATOR OR BURY IN LANDFILL. 

SECTION 5 HEALTH HAZARn DATA

( INGESTION: VERY LOW IN SINGLE DOSE ORAL TOXICITY. 
AVAILABLE.

NO LD50 VALUE

(CONTINUED ON PAGE 2 ) CONFIDENTIAL
(R) INDICATES A REGISTERED OR TRADEMARK NAME OF THE DOW CHEMICAL COMPANY

DO 005246



EFFECTIVE DATE! 19 JUN 79 PRODUCT CODE: 13652
PRODUCT tCONT*D>: CPE 3615 MSD1 1038

SECTION 5 HEALTH HAZARD DATA (CONTINUED)

EYE CONTACT: MINOR IRRITATION ONLY.
SKIN CONTACT! MINOR IRRITATION ONLY.
SKIN ABSORPTION: NOT LIKELY TO BE ABSORBED IN ACUTELY TOXIC AMOUNTS. 
INHALATION! NO GUIDE FOR CONTROL KNOWN. NO PROBLEM LIKELY.
EFFECTS OF OVEREXPOSURE: -------

SECTION 6 FIRST AID--NOTE TO PHYSICIAN

FIRST AID PROCEDURES:

EYES: IRRIGATION OF THE EYE IMMEDIATELY WITH WATER FOR FIVE MINUTES 
IS GOOD SAFETY PRACTICE.

SKIN: WASH OFF IN FLOWING WATER.
INHALATION: REMOVE TO FRESH AIR IF EFFECTS OCCUR. CONSULT. MEDICAL 

PERSONNEL.
INGESTION: LOW IN TOXICITY. INDUCE VOMITING IF LARGE AMOUNTS ARE 

INGESTED.
NOTE TO PHYSICIAN:

EYES: MAY CAUSE MILD IRRITATION. STAIN FOR EVIDENCE OF CORNEAL
INJURY.

SKIN: MAY CAUSE MILD IRRITATION WITH REPEATED CONTACT. TREAT AS
ANY CONTACT DERMATITIS. _ - "

RESPIRATORY: NO EFFECT EXPECTED
oral: low in toxicity.
GENERAL: HUMAN EFFECTS NOT ESTABLISHED. NO SPECIFIC ANTIDOTE.

TREATMENT BASED ON THE SOUND JUDGMENT OF THE PHYSICIAN 
AND THE INDIVIDUAL REACTIONS OF THE PATIENT.

N
SECTION 7 SPECIAL HANDLING INFORMATION

VENTILATION: GOOD ROOM VENTILATION USUALLY ADEQUATE FOR MOST OPERATIONS. 
RESPIRATORY PROTECTION: NONE NORMALLY NEEDED. IF REQUIRED USE AN 

APPROVED DUST RESPIRATOR.
PROTECTIVE CLOTHING: NONE REQUIRED.
EYE protection: NOT NORMALLY NECESSARY.

SECTION 6 SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION

PRECAUTIONS TO eE TAKEN IN HANDLING AND STORAGE: PRACTICE REASONABLE 
CARE AND CAUTION.

(CONTINUED ON PAGE 3 )
(R> INDICATES A REGISTERED OR TRADEMARK NAME OF THE DOW CHEMICAL COMPANY

MATERIAL SAFETY DATA SHEET PAGE: 2
DOW CHEMICAL U.S.A. MIDLANO MICHIGAN *8640 EMERGENCY PHONE: 517-636-4*00

CONFIDENTIAL

DO 005247



material safety data sheet page: 3
DOU CHEMICAL U.S.A. MIDLAND MICHIGAN 486*0 EMERGENCY PHONE: 517-636-4400

EFFECTIVE OATE: 19 JUN 79 
PRODUCT <CONT*D>: CPE 3615

PRODUCT CODF: 13652 
MSD: 1038

SECTION 8 SPECIAL PRECAUTIONS AND ADDITIONAL INFORMATION CONTINUED)

ADDITIONAL INFORMATION: REVISIONS 6/19/79 — SPECIAL FIRE FIGHTING 
EQUIPMENT AND HAZARDS*

LAST PAGE

(R) INDICATES A REGISTERED OR TRADEMARK NAME OF THE DOU CHEMICAL COMPANY

THE INFORMATION HEREIN IS GIVEN IN GOOD FAITH* BUT NO WARRANTY,
EXPRESSED OR IMPLIED, IS MADE.

V
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CH 941 CAL SAFETY CHECK SHEET 

To B* Complete By Any Uaars For All Choalcal*

CH94ICAL W<A€0\JS I^U w/vJ

EXPLOSURE < ppm)

y 1------ --------- -------  *' aMm ~

BOILING POINT

EXPLOSIVE LIMITS

FLASH POINT fiONE

MEETING POINT 

VAPOR PRESSURE

CORROSIVENESS -Hi AH- 
CH94ICAL REACTIVITY LON

STABILITYETo pH CHANGE, HEAT. LIGHT &OOP

IffllTION TB4P. n/a

USING SAFETY CONTAINER 

TOXIC PROPERTIES Av/o\P forit ACT

PROTECTIVE EQUIPMENT TO BE USED:

MONOGOGGLES_________ X FUME HOOD

TACE SHIELD ~ __________ _ __________________  SPECIAL WECAUTI046

GAS MASK_______________________________________________ _________________________

SLICKER SUIT___________________________________________ _________________________

RUBBER BOOTS___________________________________________ __________________________

RUBBER GLOVES________ _________________________________  _____________ __________

OTHER

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CH94ICAL OR MIXTIFE: 

THIS CHB4ICALT NO

GROUP LEADER _ DatOO. AtSjcxvn^

USERS SIGNATURE DATE

/I-//)/? 1/

^ h'/'V/
£■/£ 'A/tr

SUBJECT TO TSCA? NO

ON TSCA INVENTORY? <SD> NO Q
PLEASE COIFl»4 KITH SUPPLIER

USED FOR RAD ONLY? YES <s§>
IN COMPLIANCE WITH ALL 
TSCA RULES A ORDERS YES

1
NO .

A A 0
'/
$ / --7

No[l(r41-Ol-0]

C0NF10F^lftL 

DO 0052*9



i^Tr CHCCKSHEET

To B« Ccmpla’ad By Any Users For All CNmIcsIs

CHWICAL Poiyen^c&J6 - Hpp£ MEET I Mi POINT ^ IIS- ITo*c

EXPLOSURE (ppm) rtone VAPOR PRESSURE
n/a

BOILING POINT
Fl/A

CORROSIVENESS LoW

EXPLOSIVE LIMITS
n/a

CHEMICAL REACTIVITY HIGH -<to3)

FLASH POINT Nj STABILITY(To pH CHANGE, HEAT, LIGHT GcOp

IGNITION TEMP, 3 oo*c
■

USING" SAFETY CONTAINER
m/a

TOXIC PROPERTIES
n/a

PROTECTIVE EQUIPMENT TO BE USED:

MONOGOGGLES FUME HOQO

FACE SHIELD
-

SPECIAL PRECAUTIONS
AvSBowe t>Msr

GAS MASK MM flteS&JT ArilBtAKioM

SLICKER SUIT JAkxarp.

RUBBER BOOTS

RUBBER GLOVES

««* Dost Mask ; 6lassf.<l

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHB4ICAL OR MIXTURE: 

THIS CH94ICAL7 6p)

GROUP LEADER

USERS SIGNATURE
4

NO - SUBJECT TO TSCA? <©>

ON TSCA INVENTORY? (SI)

DATE PLEASE COFFIRM WITH SUPPLIER

/£-//,/?*/ USED FOR RAD ONLY? YES

IN COMPLIANCE WITH ALL

rJi-1: M TSCA RULE5 A ORDERS YES

wv-------------------

i hjA^_____

h^hL^—

A Q .. /

NO

N0(3°Ol-gSM]

(g>

NO CONFIDENTIAL
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CH^ICAL SAFETY CHECKSMEET

To B* CaxpBy Any Usors For All Ch«*lal*

CHWICAL ______X-D&T >1 5 MEETING POINT_

EXPLOSURE (ppm)VAPOR PRESSURE 

BOILING POINT

EXPLOSIVE LIMITS 

FLASH POINT 7 S&c?

CORROSIVENESS

CHEMICAL REACTIVITY HIGH - LOW 

STABILITTITo pH CHANGE, HEAT, LIWT

IGNITION TEMP,

USING SAFETY CONTAINER 

TOXIC PROPERTIES

PROTECTIVE EQUIPMENT TO BE USED:

MONOGOGGLES__________________________

FACE SHIELD____________~ " -

GAS MASK

SLICKER SU IT _ 

RUBBER BOOTS _ 

RUBBER GLOVES 

OTHER

FUME HOCO

SPECIAL PRECAUTIONS _

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHBIICAL OR MIXTURE: 

THIS CHBIICAL? YES NO

GROUP LEADER

USERS SIGNATURE DATE

t'LSn/fV

OONFTDFNTTAI 

DO 005251

SUBJECT TO TSCA? YES NO

ON TSCA INVENTORY? YES NO

PLEASE COIflW WITH SUPPLIER

USED FOR RAD ONLY? YES ©

IN COMPLIANCE WITH ALL 
TSCA RULES l ORDERS YES NO



CHWICAL SAFETY CHECKSHEET

To B* Coatplotad By Any llsors For All Ch«lc*l*

CHWICAL ~Thf MEETIW POINT _ -lot.SM________

'T.OQ VAPOR PRESSURE 114 ***** g'fc lS*C

U>o0

TU
WLOGuRfe <pp«i)

BOILING POINT (p5.4PC CORROSIVENESS

EXPLOSIVE LIMITS L£L I.Vfn^UfcL \\.|*/» CHWICAL REACTIVITY 4UGII L6W MOPCfcAT^ 

1.4* f__________________________ STABILITYtTo pH CHANGE, HEAT, LIGHTFLASH POINT

IGNITION TB4P. (olQ*P
USING SAFETY CONTAINER Me-tai SAfeT^ CAN

TOXIC PROPERTIES_ Awip Ho\P S\Ciri CofJTACT UWP

PROTECTIVE EQUIPMENT TO BE USED:

MONOGOGGLES_________ ________________

- FADE- SHIELD. T~

GAS MASK

FUME HOOD

- _ SPECIA't PRECAUTIONS--MAY FogH

SLICKER SUIT ftprov RkuoAi&eD Co a/tact iOrm
RUBBER BOOTS Air.. Reacts \J\owm lO ITH
RUBBER GLOVES X fcott, N«OH.
OTHER

c0nftdf^al

HAVE YOU READ THE TOXICOLOGY SHEET ON IS THE CHBUCAL OR MIXTURE: DO 005252

THIS CH04ICAL? (5D> NO SUBJECT TO TSCAT <S3> NO

GROUF LEADER $*>!«. AlsywwA. ON TSCA INVENTORY? © no[ioT-,H-^)
USERS SIGNATURE DATE PLEASE CONFIRM WITH SUPPLIER

St*J&**- (£lddins USED FOR R&O ONLY? YE5 <©

IN COMPLIANCE WITH ALL 
TSCA RULES A ORDERS YES NO

'A///

4wi l~l*



CHEMICAL SAFETY CHECKSWET

To Bo Ccmpl*T«l By Any Usort For All Chwlcals

CHWICAL Pyrrol; Jo*'

EXPLOSURE (PP») _ fJBAt

BOILING POINT_______________ — 

EXPLOSIVE LIMITS

FLASH POINT -----

MEETING POINT__________________________

VAPOR PRESSURE_________________________

CORROSIVENESS l/g <W /O kj 

CHEMICAL REACTIVITY HIGH -rfSO) 

STABILITYCTo pH CHANGE, HEAT, LIGHT

IGNITION TBMP.

USING SAFETY CONTAINER h)/£
-

TOXIC PROPERTIES A)o*t

PROTECTIVE EQUIPMENT TO BE USED:

MONOGOGGLES 1/ FUME HOOO

FACE SHIELD -- " SPECIAL PRECAUTIONS

GAS MASK

SLICKER SUIT

RUBBER BOOTS

RUBBER GLOVES

OTHER

HAVE YOU REAO THE TOXICOLOGY SHEET ON IS THE CHB4ICAL CR MIXTURE: 

THIS CHBMICAL? ^YES^? NO 

GROUP LEADER S]'** -Ah*

OATE

SUBJECT TO TSCA7 

ON TSCA INVENTORY?

PLEASE COICIRM WITH SUPPLIER 

USED FOR R&D ONLY? YES 

IN COMPLIANCE WITH ALL
TSCA RULES A ORDERS YES

NO

NO

NO

NO

CON/!JoeNTJAl

°0 005253



JBA: 7/85 
0H19

APPENDIX B

POLYETHYLENE DUST EXPLOSION DATA

CONFTDFNTTAl
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Linear Polyethylene and Derivatives 
TECHNOLOGY CENTBt

December 18, 1980

D. Andrews - Sarnie
C. W. Brannan - Plaquemine 
K. Burmelster - Tessenderlo
D. G. Flood * Sarnia
G. C. Kools - Plaquemine
A. J. Seidule - Plaquemine
B. G. Shamburger - Plaquemine

Building 807 
Ploquamine, Louisiana 70764 

504 389-8564 or 504 389-8231 ^

DUST EXPLOSIONS SUMMARY

Over the past fifteen years, extensive data has been generated on the explosive 
t ndency of high density polyethylene powder. This data has been generated both 
int rnally from the Dow slurry process and externally for polyethylene dust. 
Additional data has been obtained correlating the effects of hexane in the parts 
per million range and the effect of particle size on the explosive tendencies 
of the "dust". This information is included in the attached report.

Some of the data previously generated is Included in Appendix I. The data 
compares several variables in the process and analytical'techniques in the 
d veloproent of explosive tendencies of polyethylene dust. During the last few 
y ars, the use of a'Dust Material Constant, Kst, originally developed by Donat 
and Bartnecht (units of Kst are Bars-meters/sec) has been used to calculate the 
area required for explosion vents. The calculated values of this constant Kst 
is given with much of the data. It is important to remember that the presence 
of low concentrations (0-1000 ppm) hexane will greatly influence the rate of 
pressure rise in a polyethylene "dust" explosion and must be considered in the 
sizing of the explosion vents.

Variables reviewed in the data in the appendix include:

A. Effect of Test Apparatus Size and Geometry on the Dust Explosion Tendencies

Maximum Rate of Pressure
Container Geometry Volume of Container-1 psi/sec

Cylinder-Hartmann 1.2 1290
Sphere 1.2 1841
Sphere 20 1610
Sphere 1000 972

The U.S. Bureau of Mines has used the Hartmann test apparatus with a strong 
ignition source - a wtre at 1700*F with an energy input of 0.125 to 0.4 
joules.

DOW CONFIDENTIAL
CONFTDFNTTAL

OO 005255



Dust Explosion Summary -2 December 12, 1980

B. Effect of Alr/Dust Mixture Temperature

C. Effect of Hexane Content vs. Minimum Ignition Energy

The effect of hexane content on the rate of pressure rise and the effect of 
particle size are discussed in the attached report.

Please review this data as It applies to our current operations.

Robert D. Armstrong 
Linear Polyethylene and Derivatives 
Technology Center - Slurry Process 
Building 807 
Plaquemine, Louisiana

Attachments

Temperature of 
Dust/AIr

Rate of Pressure 
Rise, psi/sec

Maximum 
Pressure, psi

Ambient 20*C 
90*C

1610
207*

84.1
53.2

Hexane Content, ppm Ignition Energy, joules

2500
5000

12000

0 0.101
0.096
0.080
0.080

Itb

DO 005256



COMPARISON OF OUST EXPLOSION DATA
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Skimmer Tank Powder from oz/ft3

T ssenderlo - reeular plant

catalyst

- 0-A 68.2 1290 24 Hartmann

.
1. Q 69.2 1841 34 1.21 SPHERE -

ROOM TEMPERATURE

2.0 53.2 2074 39 20 l SPHERE -

90*C

1 'essenderlo Powder 84.1 1610 _30 20 1. SPHERE ;
• - “ _ _ - - • B TERNEUZEN

" - *■ . 108.8 972 67_ 1000 L Sofiere
_ Westfalische

Berggewerk-

SchaftsKasse

Plaquemine

CPE LP Sl.l 0.33 0.045 69 2044 IS Hartmann

Start-up Powder 2/77 .
B.D. = 12-14 /; 3 0.40 0.045 58 2633 19 Hartmann

•

Start-up Powder with 300 ppm 0.40 0.020 64 4428 32 Hartmann

Irpanox 1010 and Weston 618

69065 B.D. = 18 0.67 0.061 60 1733 13 Hartmann

i Avb. particle size * 62 nneror

69065 with 2000 ppm CaSt 0.27 0.061 59 2750 20 Hartmaw _____

B.D.*21 Avg. part. — .------- --- _ __ rt.ir fOFNTtAt. --------

005257 _____

1____________________

siz * 60 microns ■iKHlilll CONr
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COMPARISON OF OUST EXPLOSION bAftf
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Sarnia Tr.II 2-17-76 1800 hr. 0.33 0.12S 67 1917 14

Average particle size*44 microns
*

Sarnia Tr.II 2-16-76 0400 0.33 0.125 67 1979 14.5

Average particle size*38 microns

Sarnia Tr.II 2-12-76 2400 0.20 0.125 66 2793 20
Av rage particle size-41 microns

Sarnia Tr.I 2-13-76 1800 0.27 0.125 71 2285 16.7

Average particle size*30 microns
-

- __

Sarnia Tr.I 2-16-76 0400 0.40 0.H)lr 66 2533 18.5
-

Average particle size*26 microns
~

.-V

Sarnia Tr.I 2-13-76 2400 0.27 0.125 67 2054 15.0

Average particle size=28 microns
'

Institute for Explosion & Low

Pressure Polyethylene
'

Average particle $ize*13 microns 0.015 110 1189 82 1 M3 SPHERE

Av rage particle size*25 microns 107 899 62

Av rage particle size=76 microns 119 1595 110

CONV" i'JL "

1 Dow coNnnFNTiAi DO O
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COMPARISON OF DUSl fcAKlOSION DATA - TITAN ATE CATALYST
i ■ “■ I - —
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Tessenderlo Titanate

Blank 3-30-78 O.S ' 85 6210 45

Powder ♦ 6 ppm C^ H ^ 0.25 76 5750 42

12 ppm Cc H j 0.1 64 4100 3Q....

24 ppm Q H, , 0.1 64 5230 38.2

48 ppm C£H,a 0.5 63 6050 44.2

96 ppm "C H,, 0.25- 68 3960 29.0_ I

- " -r - - -
" "

•
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COMPARISON Oh DUST EXPLOSION DATA
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Sarnia Tr.I 2-16-76 0400 0.101 0
9 0.40 oz/ft3 0.096 0.2S* \

0.080 O.S \

0.080 1.2 %
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DUST EXPLOSION POTENTIAL OF HOPE POWDERS 

LINEAR POLYETHYLENE TECHNOLOGY CENTER REPORT

F 1 lowing an explosion in the powder drying system of Train III, Plaquemine, 
March 28, 1980; tests were run to

1. Evaluation of the effect of hexane on the explosive tendencies of HOPE 
powder.

2. Effect of powder particle size on the explosive tendencies.
3. Explosive characteristics of powder made with Type II B alkoxide catalyst.

All tests were made using the Standard Hartmann testing unit by the Instrument 
Methods Group in Midland.

Discussion of Results

A. Effect of Hexane on the Explosive Characteristics

Samples of Type i Alkoxide powder produced on Train IV, April 8, 1980 were 
used in these tests. The particle size distribution of the powder was broad 
ranging from 10 microns to 600 microns with a volume median diameter of 148 
microns. Particle size distribution is included in Appendix II. The hexane 
concentration in the air was varied using 0, 100, 500, and 1000 ppm in the 

-Jests. Datafrom these tests are given in.Table land Figure I. -

Based upon this data the conclusions are:

1. The addition of hexane over the range studied does not change the 
explosive limits of the powder which varies between 0.08 and 2.40 
oz/ft3.

2. The higher hexane content in the powder will increase the rate of 
pressure rise especially at the lower powder concentration - 0.08 
to 1.0 oz/ft3. Therefore a relief system must function faster 
when hexane is present. This will linearly effect the Kst used for 
sizing explosion vents.

3. The maximum pressure released from an explosion is not effected by 
the presence of hexane at the concentrations studied. The amount f 
fuel present remains approximately constant.

4. The reduction of explosion intensity by the higher levels of hexane 
at loading of 2.4 oz/ft3 cannot be explained but is reproducible.

5. These tests also showed that using this procedure a gas mixture 
containing 1000 ppm wtll burn if a hot source of ignition is availabl 
The flame from this ignition will not propagate through the vessel 
nor will it continue to burn when the heat source Is removed.
(Explosive limits of hydrocarbon are defined as the range over which 
a flame will propagate).

This data was reviewed with Reid Tait - 438 Bldg. - Midland. He 
indicated this was common for hydrocarbon mixtures to ignite well 
below the Lower Expl sive Limit in a Hartman test instrument when 
a high energy source is used. He also emphasized there would not 
be ignition of the mixture when a spark was used as the source of 
the ignition. Similar data for hydrogen and ethylen were 
request d.
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Oust Explosion Potential of HOPE Powders 
Page 2

B. Effect of Particle Size

Powder made with Aikoxide Type I catalyst used in the tests determining 
the effect of hexane was screened with the material passing a 200 mesh 
screen tested to determine the particle size on the explosive tendencies.

As expected, the finer particle size increases the rate of pressure rise 
to double or triple the previous values but again does not effect the 
maximum pressure. Data is given in Table I and II and shown in Figure B.

C. Type II Aikoxide Powder

Powder made with Type II B Aikoxide from the pilot plant April 2, 1980 was 
used in this test. Again the particle size distribution was broad ranging 
from 10 microns to ^30 microns and the volume median diameter was 163 
microns.

As expected, because of the larger particle size, the pressure rise was 
1/3 to 1/2 of rate of rise of aikoxide Type I powder. Data Is given in 
Table III.

RDA/ltb
12-18-80

DO 005264
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TABLE I

DUST EXPLOSION DATA EFFECT OF HEXANE

Powder Alkoxide Type I

From Train IV (PLAQ)

S/8/80 Ref *RCM

11250

RATE )F PRES!

PSI/SEC

LIRE RIS HA CIMUM P

PSI

ASSURE

Powder 100 500 1000 Powder 100 500 1000 Kst
3

Dust Cone, oz/ft Only ppm ppm ppm Only nr»m tmn nnm it DCtin-Jl* '

_________________________ CLUB_____________ ___21— 47 10477 73 15.4 - 6.9 ___I

0.40 1183 - 1039 1783 5607 56 61 60 59 ___4

0.80 1S00 1300 2100 5280 76 67 66 70 ___ 5

1.0 2000 1400 2700 4700 63 73 73 _ 52 . *

(
1.20 1400 1400 2800 3700 71 58 64 63 *A

- - -
- .

1.60 830 '950 1700 2300 56 52 35 26

Air Only NA - - 1600 NA - * 50

i
NOTE: All tests are made using th B Hartm inn Test Unit « ith a l ot wire - 1700 'F - as the

ignition soim-A. T«jnirtnn_ -if hava Lf 9±- 00 -fpe-

contradict the lower explos Lve lim it - i.; %. The igniti on in t lese te sts cou d

1

________ _________

00526
i riAu/ /•r1—

DC

--------------------------------------------------- 1 uijfifx N T/AL CONFIDENTIAL



TABLE II

1

DUST CONCENTRATION

02./ft3

POWDE
RCM

VOLUM
Dia.

t FROM 
1250 

■ MEDIA* 
1 148 Mi cron 5

PRO
RC

SCRE
200

)UCT FRI 
1 11250 
■NED TH1 
lesh (R<

M

OUOJ
M 11264 )

Rate if Rise Max. >ressui B Rate >f Rise Max.Pr !S£

PSI 'SEC PSI PSI/ SEC PS
0.04 320 7

0.08 71 23
0.16 3500 f
0.20 3800 (
0.24 -

2700 C.

0.40 1183 56 2900 _£
0.60 2200 __2
0.80 1700
1.60 830 56 _ £
2.40 980 S3 490 _£

- - 7. ■= ' ' _

- - - ■ - - :
-

ENERGY INPUT - 12S mil ijoule

l

\________

DO 005266
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table III

TYPE II ALKOXIDE DUST EXPLOSION TENDENCIES

DUST CONCENTRATION oz./ft3

R
at

e o
f R

is
e

PS
I/S

EC

M
ax

im
ua

 Pr
es

su
re

PS
I

0.08 -

0.16 140 37

0.30 190 64 *

0.40 ■&0 65

0.60 S40 65 -

—0.72 ■59Q . - S8

0.80 4QQ 67

0.88 .430 69

1.12 470 68

1.20 *70 56

1.28 59

- 1.36 440 67 _ _ -

1.52_ 460 60 - ' ' ■_ “

1.60 700 57 _

1.68 440 55

2.40 130 45

1
ENERGY INPUT - 400 ai liioule 5

1 -1

DO 005267
" | DOW CONFIDENTIAL •

CONFIDENTIAL■»



ALKOXIDE TYPE I TRAIN IV 5*8-80

HlflC ANALYSIS

SAMPLE1RCM 11259 PE 
OATE»
DATA SET # 1

CHANNEL COUNTS

1 34834
2 21349
3 16120
4 9442
3 6262
6 4433
7 * 3256
8 1767
9 470

18 57
11 11
12 2

AVERAGE DIAMETER (microns)

"NUMBER* 31.7
AREA* 121.1
VOLUME* " 168.2
MEDIAN* 147.8

01A RANGE
<»icrons) VOLUME a

min - max

10.0 15.0 0.3
13.0 20.0 0.3
20.0 38.0 1.1
30.8 . 40.0 1.5
40.0 55.0 2.1
55.0 73.0 3.3
73.0 110.8 12.9

110.0 155.0 33.1
155.0 215.0 28.7
215.0 300.0 8.6
300.0 430.0 4.8
430.0 600.0 3.0

;
\

DO 005268

TOTAL PARTICLE V0LUME*4.78E-003 
PRESSURE FACTOR* 2.06E+004

OONFIDFNTIAL



NEW PILOT PLANT AUOXIDE II B 5-2*80

HIAC ANALYSIS

SAMPLE:RCM 11251 PE 
OATE *
DATA SET ♦ 2

CHANNEL COUNTS

1 42060
2 31408
3 26425
4 17893
5 12638
6 8782
7 6375
8 4116
9 1375

10 192
11 4
12 0

AVERAGE DIAMETER <nicron$)

NUMBER- 43.0
AREA-_ 135.0-
VOLUME- 165.9
MEDIAN- 163.4

01A RANGE 
Caicrons) 

ain - max
VOLUME V.

10.0 15.0 0.1
15.0 20.0 0.1
20.0 30.0 0.6
30.0 40.0 1.1
40.0 55.0 1.9.
35.0 73.0 3.1
75.0 110.0 8.4

110.0 155.0. 27.7
155.0 213.0 41.0
215.0 300.0 15.0
300.0 430.0 6.9
438.0 600.0 0.0

TOTAL PARTICLE VOLUME-1.12E-002 
PRESSURE FACTOR- 1.44E+004

DO 005269
DOW CONFIDENTIAL

donftdfntiai.



APPENDIX C

T-DET STABILITY DTA

JBA: 7/85 
OH20

DO 005270

CONFIDFNTTAL
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APPENDIX D

REACTION DTAS

JBA: 7/85 
OH21

DO 0052*72
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PROPERTIES AND PRECAUTIONS
m'M *. namI '-*• C*.>, -**• ♦'

T~ Jit 9. s’ L_$~0 StJiut— NfJr»%tJc_____ LdL
5T**g«Rii! /

i

i «(’<*C*C( tu«lfl

■ /• S' 7 9____________.**(!* •ItiHON QtT[

•Ov 1C-.*1 mOvECuL** *tiGwT ►HYJlCAC STATE PURlTT
i _ //'g _____

T H E R HOC H E/lC A L INFORMATION
hEaT OF formation 
FROM The CLEMENTS

A cal. C>a* Mala

HEAT OF SELF DECOM­
POSITION IN OXYGEN

X «t. ItOCiaai

HEAT OF SELF 
DECOMPOSITION

K cal.• ICO Sat

AH, . AH,. AH,..
S L C S LG s L C

7777777777? FkAMt TfHFClATUlC OCCO«RO&iTlOM T|«*.

/////////// •c •c
REPORTED If KFOIT MOHIII

LABORATORY SCREENING. TESTS
WARNING: Dala NiN an laLatwianr ian cawWiltawi; uw cml-aw m aataaVmf ta 4iHmtwmt aaviiwwaaiL

DIFFERENTIAL thermal analysis
I1TI OF l(a>. latllail MAX (BOM tf|T TCmM,

TEST TEST NUMBER OF TESTS
• C UIH. T.OO •C METHOD temp. height WEIGHT

negative
tio "r*t**> START •c REAR •c t«0 *c SIZE SmIiR * Lt%iiW •c cm K«

none

COMMENTk —- _ • # COMMENT! (Mjo, (Ml: . ' _

DROF-WEIGNT SHOOC SENSITIVITY

MW a--------- W ................ .

vt
&M///u,ry frmn prtsiur*

TClT WM «T

7/rnS
Hjt date TEST REFERENCE TUT RUNRY Wtifl----------------

/-ZI-7T
wrmnser

FLAMMABILITY MOMtTlH
(|a 9m #t wbivM priiiur* u*l«*f •fhtrvsiM hmimR)

FLASH
POINT

•C *F

METHOD

•c •f

■CTHOD

T|lt BUM If Tirrani-------------- TUT KflKxCI

AUTOIGNITION
TEMPERATURE •c •f
T|ST RUM IT TWBiYl " TEST REFERENCE

FLAMMABLE LI MITS
LIMITS- VOL. S PRESSURE TEMP. IGNITION

L0>ER UPPER P51A ** mH| •c SOURCE

.Ui i* oIic'ihISo* lb* 0»n it dHfMli*. .allllai.'

S. Grmn/er________________
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REACTIVE CHEMICAL HAZARD
PROPIRTIIS AND PRECAUTIONS

DOW CONFIDENTIAL
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DATA V?CL LQ1.0.
* * : w ' .:
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LA. AS A TL LIBRARY
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HEAT Of FJRmaTCn -£*T OF StLF CECQm. , ~£A7 OF It,1

*RCv ’wg ELEMENTS ; ►OS'T'On in OYYSEn OECOmPOS 1 V-
< coi. C Mo P < CBl. 1C : Grflm 1 * c«!. 'X *J* l

A- , = — „ * — -i- .

S L G S L 0 S L :
/ / r ' *-**1 *t«»£RA‘*.5E ;s Ziv*£S'*'0N *£m*

A ec *c
tL r■ 1 =E;;s* N^V&EP

l
1

LABORATORY SCREENING TESTS
AARN kg D 5’ 0 fcaite 9“ otorSTe-s 'os* ;;*C • p'f -so ;o.'3« *- »e 9 ‘ifr’ ♦nv.ron*' *-• j.

DIFFERENTIAL thermal analysis DROP-WEIGHT SHOW SENSITIVITY

{;'? ;i :t*t ts^s-iiss ukA'Mumt;'

Z*0 ;c«s zL^O .l£
'"IT Tta ‘iJMoER OF Ti:"i

MET HOC TEM= -‘E.GhT ' -EiGHT '
. e3S TiVE ; nEG-* VE

$a d - L q-.-c iC cm ’E"" esc;' i-*«- ■' ; pE‘- ?'-D . >':E

rl9**

r .
//* ikt-tma.i v.t.4'ivify /**«*<>

Xi 0-& * S///V/ '/•f,

Tf;T S.s »f TE i- SffcSfs;: .TCiT wA T *

flammability properties
'in »<r oi gwfc'vnf pr*itwv j^rn oih*rw \* te’ed

CCvm£ %Tji-v T*;*h’ >1

FLASH l,
POINT

Y£i7 q.N fty , T£iT DAt£ ' TEST B£FESrsC£1

AUTOIGNITION
TEMPERATURE ‘C ' °F
TtS7 RWN BY iTEST LITE . "EST ^E'tsEhCE

!

________ 1_________________________
FLAMMABLE LIMITS

LIMITS* VOL. ^ PRE5SURE j TEMP. ; *cn:tiOn

LOWER UPPER PSiA or mmHfl i °C ! SOURCE

• t»w*. ar
vf\v\; ^

COfVF

T. Grr*,nt&r -
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REACTIVE CHEMICAL HAZARD DATA
PROPERTIES ANO PRECAUTIONS

DOW CONFIDENTIAL
T*Tw‘ >»vi

/-8-7Y
■ • ' ( »aat • ~ * 0»t(

■OtlCjl"** " j-ci.tdui.AA ai.&hi
!

•HtJiCAL »T*H

J'/* +•/* I
VAM’ll PgR»TY

TTTunwlAL
\

1 °° \o«9# nW^jf5 ■

THERiOCHEXCAL "INFORMATION
HEAT OF FORMATION FROM THE ELEMENTSK »l. C'MB Mala

heat of self DECOM­POSITION in OXYGEN
K cal. X)0 GtMat

MEAT OF SELF DECOMPOSITIONK cal.'lOD baas

AH, .

S L C

AH# .

S LG

AHj a

S L C
FLANC T(Na|*4Tu«f

•c

DtcoupQimQft rt«#a

•c
ICP6ATC0 »t REPORT MUKktCD

LABORATORY SCREENING TESTS
WARNING! Pt* SawF *A >*WrMry MSI caNUfiafl*, y|i CflMliaa in ■ la aiHarcnl ano-a—n*4.

DIFFERENTIAL THERMAL AMALTSIS
UK 91 TlaA. 1-dHail ttAIlWVM TUT TEMP.

TEST
METHOD

TEST
TEMP.

NUMBER OF TESTS

•C MIN, zso •c HEIGHT •EIGHT
POSITIVE negative

TTPf1X0 * CMOO VT ART •c PEAK •c tHO *C tat SaMd • L'*p*4 •c an K«

FIR/J^
.

DROP-wEICHT SHOO SENSITIVITY

COMMENTS'
/<. tU*r>**l whvrff »'”J, cxi4.J

0- o' a^/7 //.

COMMENTS IHJO. EsRlt

TILT RUN RT

fr. T/hfJ__________

TEST DATt Tin REFERENCE TfJT RUH $Y TElf DATE Timnnwi—

FLAMMABILITY properties
COMMENTS ANO SPECIAL PRECAUTIONS • CONSIDER*

(Ir «ir r ahuM pniwrt wIbii iilwwiii A*tW)

FLASH
POINT

•c •f

method

•c •f

■itwii ""

TUT RUM »T TEST DATS TEST nriiln(l

AUTOIGNITION
TEMPERATURE •c •f
till Iun'A'y teiY Sate TEST nrciuci

FLAMMABLE linits

LIMITS-
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VOL. %
UPPER

PRESSURE
PSIA m <mH|

TEMP.
•c

IGNITION
SOURCE

*
\ DO 005275
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REACTIVE CHEMICAL HAZARD DATA
PROPERTIES AND PRECAUTIONS
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REACTIVE CHEMICAL HAZARD DATA
PPOPlJtTliS AND PRECAUTIONS

Z’* t W ‘ i Jr l

M3 7 *d* /fy dr oxl IjJprit. A&/c/
J^a£zZ±-
L*’£;' ** * t >}*< Zi a * £

rs < os*u. i •p -.{ Z.» *R * C jh PW»C|T*

T’TT^TTav *. * i 4 w■ THERmOCHEmI

:n i*ATj

gg/ J’/i Q(/(d----------------------

Cal'information

-EaT Cf *0»ma7jOn
The Elements

A {1 . C'3» M*l«

HEAT of self DECOm* 
*»OS»T;On IN oxygen A col. IOC G*w»t

hEaT C* 
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Ar
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CHLORINE Monvlothtting Chemiili* AiiKiolien, Inc.

Cbeniical Safety Data Sheet

% .• »*. ** *

2.1 GRADE
‘ Commercial (liquid)

2.2 PROPERTIES 
Physical State_

AND

- Boiling Point. 
.Color------------

Critical Density- 
Critical Pressure. 
Critical 
Critical 
Density.

Temperature. 
Volumes___

■v.

Flammability.

Latent Heat of Vaporization------
Liquid-Gas -Volume Relationship.

ADOPTED MAY IS60
. . • . • .* ».. -.

1. NAMES *
•• * m * *

Chemical Name: Chlorine * *
Common Name: 'Chlorine
Formula: O*

- . • * «.

* 2^* PROPERTIES

CHARACTERISTICS . ‘ -
___________________ Gas at atmospheric temperatures and pressures. Chlorine

In commerce is a liquefied gas under pressure; the chlorine 
. in containers has both a liquid and a gas phase."

____________________-34.05*C (-29.29*F.) ...
________, - Gas—greenish yellow - v

Liquid-—clear amber-
:___ ;________________35.77 Ib./ftA (5*3 g./L) '
_______________ !___ 1118.4 psia. (76.1 atmos.) *
•- ________ l__144*C (291-F.) * * ‘ .
__________ !0.02796 ft.*/lb. (0.001745 L/g.) . '
' ....... 1 •________L_Diy gas—0.2003 Ib./ft.* (3.209 g./L)

.... at 0*C. (32*F.) and 1 atmos.
*' . . - Saturated gas—0.7337 Ib./h.» (12.07 g./l.) at 0*C (32*F.)

. Liquid—91.67 Ib./fL* (1468 g./L) at 0*C (32*F.)
.. . —88.79 lh./ft®< 11.87)b./gal.) at 15.6*0. (60'F.)

(Sec Figure 1) .
_______ L___________ Chlorine, gas or liquid, ts non-explosive and nonflammable;

however, like oxygen h is capable of supporting the com­
bustion of cenain substances. Many organic chemicals ’ 
react readily with chlorine, in some cases with explosive 
violence..- ' . •

.123.7 BTU/lb. (68.7 g. cal./g. at -34.05«C (-29-29‘r.) 
.The weight* of one volume of liquid chlorine equals the weight 

157.6 volumes of chlorine gas at 0*C. (32*F.) and

Melting Point. 
Odor-------------

Of 457.
1 atmos. (14.696 psia.).. 

;-100.98*C(“149.76““F.) .
.Characteristic pEnctrating and irritating odor.

P*sctivity 
Wish Water.

With Metals^.
CONFIDENT! At. 

00 005286

. Chlorine is only slightly soluble in water.' When it reacts 
* • with pure water, weak solutions of hypochlorous and hy­

drochloric acids are formed! Chlorine hydrate (Qj.ElLO), 
- may crystalize below 49 J*Fi. . •
.Temperatures enc untcred in normal uses of chlorine do not 

exceed 230*F. Below this temperature, copper, iron. lead, 
nickel, platinum, silver, steel and tantalum are chemically 
resistant to dry chlorine, gas or liquid. Certain copper 
and ferrous alloys, including Hastclloy "C*. M nel, and
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» *

* *

Afom/focfuring Chemist*' Association, Ine. CHtORIHE

With Other Elements.

With Inorganic Compounds-.

r .

'With Organic Compounds.

Solubility in Water.

Spadfit Gravity.

* * **. 
wpcdAc Heat___

Types 304 and 3)6 stainless neel also are resistant. The 
reaction rate of chlorine with most metals increases with 
extreme rapidity above certain temperatures, beyond which 
construction materials must be selected with great cue; 
these temperatures are considerably lower if the metal or 
alloy ts in Andy-divided, powdered, sponge, or wire form. 

Dry chlorine reacts with aluminum, arsenic, gold, mercury,' 
selenium, tellurium, tin and titanium. Aluminum igniter 
In chlorine at minus 4*F. At certain temperatures, poias- 

. sium and sodium burn in chlorine gas. Carbon steel 
ignites at 483 *F. Antimony/ arsenic, bismuth, boron, 
copper, iron, phosphorus, and certain of their alloys, in 
finely-divided, powdered, sponge or wire form ignite spon­
taneously in chlorine..

Moist chlorine, primarily.because of the hydrochloric and 
* hypochlorous acids formed through hydrolysis, is very 

corrosive to all com moo metals. Gold, platinum, silver 
and titanium are resistant. At temperatures below 300*F, 
tantalum is totally inert to wet (and dry) chlorine. Moist 
chlorine reacts readily with mcicury.

..Chlorine unites, under specific* conditions, with most of the 
elements; these reactions may be extremely rapid. At the 

*-' boiling point of chlorine it reacts with sulfur. It does not 
. . -react'directly with oxygen or nitrogen; the oxides and * 

■nitrogen compounds are well known, but can only be pre­
pared by indirect methods. Mixtures of chlorine-and 
hydrogen composed of-more than 5 j>erceftt of either eom- 

' ponent can'react with explosive violence, forming hydrogen 
chloride. ‘

_The preparation of soda and lime bleaches (sodium and 
calcium hypochlorite) arc typical reactions of chlorine 

' -with the alkalies and alkaline earth metal hydroxides; the 
: ;. hypochlorites formed are powerful oxidizing agents. Be- 
.* cause of its great affinity for. hydrogen, chlorine removes 

hydrogen from some of its compounds, such as the reac­
tion with hydrogen sulfide to: form hydrochloric acid and 

. sulfur. Chlorine reacts with ammonia or ammonium com­
pounds to form various mixtures of chloramines depending 
pa the conditions. One of these, under proper conditions, 
might be the explosive nitrogen trichloride.

_Chlorine rcacu_ with organic compounds much the same as 
t with inorganics to form chlorinated derivatives and hy- 

•1 drogen chloride. Some of these reactions can be explosive,' 
Including those with hydrocarbons, alcohols and ethers, 
and proper methods must be applied in operations in which 
they are involved. . ^ *

-See Figure X

CONFTDFNTTAI 
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Below 9.6 *C. (49-3 *F.) chlorine hydrate, O,.8H.0. may 
crystallize. “ * .

—Dry gas—2.482 at 0*C. and 1 atmos. * *
0* • 1

. Liquid—1.468 at-- C. and 53.15 psia. (3.617 atmos.)

—Diy gas—0.113 BTU/lb./*F. (0.113 g. eal./g./*C.) at con­
stant pressure for chlorine gas at 100 psia. or less between 
— 1.1*C. and 26.7*C. (30*F. and 80*F.)

• Dry gas—0.0832 Btu/lb./*F. (0.0£32 g. cal./g./'C.) at 
. constant volume for chlorine gas at 100 psia. or less be- 

tween -1.1I *C. and 26.7"C. (30*F. and 80*F.)
r liquid—0.236 Btu/lb./*F. (0.236 g, eal./g./*C.) f r liquid
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\

Specific Volume.

SV«i(
IM

Vapor Pressure. 

Viscosity----------

Volume Temperature Relationship.

. at equilibrium between — 1.1*C. and 26.7’C, (30*F. and 
80*F.)

.... <VC..—1 .355—Ratio of gas specific heat at constant pres-
sure to specific heat at constant volume.

Pry gas—1.992 lt-*/lb. at 0*C (32*F.) and 14.696 psi*.
(1 atmos.) ' V*

Seioratcd gas—1.327 ft.'/lb. at 0BC. (32*F.)
Liquid—0.01091 fLJ/lb. at 0*C C32'F.)

• ‘ Figure 3. *
At 0*C <32*F.) the vapor pressure is 53.155 psia. (3.617 
atmos.) *

________ Gas—About the same as that of saturated steam between
1 atmos. and 10 atmos.

• liquid—About oAe-third that of water at the same tempera- 
lure from 0#C to 65.6*C (32*F. to 150'F.).

Thf. volume of liquid chlorine increases rapidly as its tem- 
. perature increases (See Figure 4.)

3/HAZARDS

1. HEALTH HAZARDS " /
lit d chlorine is a skin irritant; prolonged cou­
rt will pr duce "bums." Liquid chlorine in the 
v will cause severe damages When exposed to 
^nal atmospheric pressure and temperature -it . 
ponies i_o gas. •*
Chlorine gas is primarily a respiratory imtant. 

i concentrations exceeding 15 ppm h will imute . 
e mucous membranes, the.respiratory system and ■ 
c skin. In extreme cases, the difficulty of breath- \ 
:g may increase to the ‘point where death can occur .' 
aa sufiocati n. 'For more details sec Sect. 10.
3.1.1 Tarulnj Properties

The characteristic penetrating odor of chlorine 
as gives warning of its presence in the air. Its 
reenish yellow color makes it visible when high con- 
estrati ns are present. *

. # ‘ • , # * 
;_2 • OTHER HAZARDS '*

33.1. Fire Hazards
Chlorine is neither explosive nor flammable; 

lowcver, chlorine will support combustion.....
3.2.2 Chemical Action " *

; Chlorine has a very strong chemical affinity for

many substances. It will react with almost all the 
dements and with many inorganic and organic com­
pounds, usually with the_evo!ution of heat. At ele­
vated temperatures it reacts vigorously with most 
metals _(Sce Sect. 23) --* ■ . '

* * ‘
■ 3.23 Volumetric Expansion

The volume of liquid chlorine increases con­
siderably with increasing temperature. Precautions 

. must be taken to avoid hydrostatic rupture of con­
tainers or other equipment filled with liquid chlorine.

3-2.4 Corrosive, Action
At ordinary temperatures, dry chlorine, either 

liquid or gas, docs not corrode steel. (For other 
materials used in piping systems see Sect. 43 and 2.2. 
In the presence of moisture, however, highly corro­
sive conditions exist as a result of the formation of 
hydrochloric and hypochlorous acids. Every pre­
caution must be taken to keep chlorine and cidorine 
equipment free from moisture.. Pipe ‘lines, valves, 
and containers must be tightly closed when not in 

-..use to keep out moisture from the air. Never use 
water on a chlorine leak because resulting corrosive 
conditions always make the teak worse. •

...... .. .* ... - CONFTDFNTTAL

4.-ENGINEERING CONTROL OF HAZARDS * oo 005?S8

>
4.1 BUILDING DES1CN \

4.1.1 General
Shipping containers and equipment c ntaining 

chlorine preferably should be located indoors, in a 
suitable fire-resistant building. If a separate build- 
rg‘ is not provided, the chlorine c ntainers and

equipment should be located in an isolated room 
having floors and walls of fire-resistant construction. 
Standard fire walls may be needed to separate chlo­
rine equipment from flammable materials. Sub­
surface locations should be avoided; if impossible, an 
adcouatc exhaust system should be provided. (See 
Sect. 4.4) . . . . • .



CHLORINE HANDLING PRINCIPLES

Extracted from Texas Division Safety Reference No. 49

1. Chlorine will react violently with many things such as oils, greases, 
paints, some solvents, etc. It will also react with steel wool, oily 
filings or pipe cuttings. It -is therefore essential that all foreign 
jiaterial be removed from chlorine lines and containers before putting 
chlorine in them.

2. Hot water and/or steam can be used safely to clean chlorine equipment 
and is strongly recomnended over any solvent. Though carbon tetra-
chi ride is not reactive with chlorine, it is highly toxic. No solvent, 
soap or detergent-type material should be used without the approval of 
a Unit Manager.

Under no circumstances should the following materials be used with 
chlorine prior to further testing and consultation with the Reactive 
Chemicals Comnittee. In general, hydrocarbons and silicones should 
not be used in chlorine service without prior testing. Reactive 
Chemical hazard Data Reference Numbers are given if available:

' Acetone (RCD 32) _
“ Activated Alumina - 7 . .

Activated Charcoal 
Alcoh Is 
Ammonia
Ander 1 495 Syn. Lube Oil (RCT 2217)
Anderol 500 Syn. Lube Oil (RCT 2216)
Cheaola Lubricant (TFE #8155-2) (RCL 187)
Climax 400 (RCT 2135)
Climax 400 & Iron Powder (RCT 2136)
Climax 400 & Ferric Oxide Powder (RCT 2137)
Climax 600 (RCT 2131)
Climax 6S0 (RCT 2138)
Climax 750 (RCT 2139)

. Climax 800 (RCT 2140)
Climax FS (RCT 2222)
Chi rothene (RCD 30)
Chlorothene NU (RCT 1448 A 1449) (1,1,1 - Trichloroethane plus inhi­
bitors - Is more reactive with chlorine or “chlorine gunk" than 
chlorothene.)

C p-Graf Anti-Seize Compound (La. Div. LAD-323)
Desco 400 (RCT 2141)
Desco 600 (RCT 2142)
1,2 - Dichloroethane (RCT-32)
Dibutyiphthalate 
Dimethyl Polysiloxane

i -

I ,
I
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CHLORINE HANDLING PRINCIPLES - cont'd

Dow Coming Fluorosilicone 1-3907 (RCT 2132)
Dow Coming FS 1265 (RCT 2134)
Dow Coming Molykote 1-3912 (RCT 2133)
Dow Coming FS 1281 (RCT 2144)
Dow Coming Stopcock Grease (RCT 2145)
Dow Coming Valve Seal (RCT 2143 & 2220)
Dow Coming Valve Lubricant FS-3452 (RCT 2218)
Dowthera G (RCT-1520) & other Dowtherns
Drawing Wax
Ethers
Ethylene Glycol (fi£T 451)
Eel-Pro C5-A Anti-Seize Compound (La. Dlv. LAD 323)
Freon 13 (RCT 3706)
Freon 22 (RCL 0080 6 RCT 14.51)
Glycerine
Humble therm 500 (RCT 0512)
Hydrocarbon Oil 

■ Kerosene 
Linseed Oil 
Marfax #1 (RCT 2547)
Methyl Trifluoropropyl Siloxane 
Mineral Oil
Molykote Br-2 (RCT 2219) ..

_ jtolykote Z. Eowder (RCT 2221)
Neverseez - colloidal copper grease (RCT 2548)
Perchloroethylene (RCD 43)
Permatex Form A - Gasket #2 (RCT 539)
Polychlorinated biphenyl 
polyethylene (RCL 0075)
Polypropylene with zinc oxide powder (RCD 32)
Silica Gel 
Silicone Oil 
Sisco 300 (RCT 2146)
Solox Cleaner
Super Jet Detergent (La. Dlv. LAD 323) - water solution of potassium 
hydroxide 

Turpentine 
Unirex H2 
Varsol
Vitrea 33 (1:1 vol. RCS 1086)

Some of these materials are used regularly and even routinely in 
chlorine plants for other than chlorine service. In some cases, there 
may be contact with chlorine - this is not reconended. Using the 
awterials in the plant may be acceptable, but extra care and caution 
must be used to remove the materials prior to chlorine exposure.

It should not be assumed a material is safe to use with chlorine just 
because it is not on the list.
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HL0R1NE HANDLING PRINCIPLES - cont'd

3. Lubricants For Chlorine Service

Only completely halogenated fluorocarbon lubricants are chemically 
inert in liquid and gaseous chlorine. See section on Lubricants for 
detail.

4. Chlorine and moisture form hydrochloric and hypochlorous acids that 
mill attack all common metals including steel if brcwght In contact 
with it. It .also forms hydrates of iron chloride, which will cause' 
plugging.

5. Wet chlorine gap may be handled In titanium.equipment at normal tem­
peratures. The gas must be kept wet as dry chlorine reacts violently 
with titanium. Dote; All liquid chlorine should be considered as - 
dry chlorine.

6. Chlorine that has-been dried does not react with steel at normal 
temperatures and is handled and stored in steel equipment.

At ordinary temperatures, dry chlorine reacts with aluminum, arsenic, 
g Id, mercury, selenium, tellurium, tin, and titanium.

- Antimony, arsenic, bismuth, boron, copper. Iron, phosphorus, and
certain of their alloys, in finely divided, powdered, sponge or wire 
form igni’te spontaneously in chlorine.

7. Dry chlorine will react violently with hot steel. For this reason, 
welding must not be done on chlorine lines that have not been iso­
lated and depressured. Also welding cables must not be ettached to 
such lines.

8. Chlorine and hydrogen mixtures may react violently anywhere such a 
mixture occurs. Ultra-violet light such as sunlight can start this 
reaction.

9. The acid forced by chlorine gas coming in contact with wet skin is 
- orrosive and should be thoroughly washed off promptly.

10. Liquid chlorine is also dangerous to the skin and In addition can
cause tissue damage due to freezing. " ,

11. Take-offs should be on the top or side of a chlorine line, not on the 
b ttom. "Chlorine Gunk" will tend to accumulate and cause plugging

12. All chlorine lines should be supported on shoes and not in contact 
with other lines. This prevents corrosion and stakes the entire line 
accessible for painting. Lines containing corrosive material, such 
as acid, should not be installed above chlorine lines.

DO 005291
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CHLORINE HANDLING PRINCIPLES - cont'd

13. Chlorine systems should be purged with dry eir or dry nitrogen after 
depressuring to minimize pick up of moisture (and corrosion) in the 
system.

1&. Any vessel that has contained chlorine must be depressured, purged, 
blinded off and washed before it is safe to enter. (See Safety 
Standard 13.)

15* Chlorine equipment that has been washed should be dried.with air or 
nitrogen until a dqw point of -60°F Is reached.

16. Valves that come in contact with water during washing must be dis­
mantled and dried before they are returned to chlorine service.

17. D not use water on chlorine leaks. Small chlorine leaks can be 
located with, the use of anmonla water in a plastic squeeze bottle. 
"Chlorine Gunk" will expel chlorine gas continuously for long periods. 
Heat will increase the degassing rate.

18. The volume of liquid chlorine Increases considerably with Increasing 
temperatures. Precautions must be taken to avoid hydrostatic rupture
f lines and vessels. Valves that may contain condensed chlorine 

that may be trapped in the' valve should not be heated with steam.

DO 005292
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Metals

a. Chlorine and Iron/Carbon Steel

Carbon steel piping and equipment are suitable for service in 
dry chlorine - less than 5 ppm by weight of water in chlorine - 
at temperatures below 155°C (311°F).

Although laboratory data shows that ignition of iron in chlorine 
occurs at 204-260 C (400-500°F) (4$3°F in "Safety Data"), a more 
realistic ignition temperature under compressor operating con­
ditions is 173 C (347°F). See sunnary of LAD-420 pn next page.

In the past, chlorine-iron reactions were serious problems.
Present alarm and trip systems plus-temperature recording devices 
have greatly reduced this problem, but the potential remains. 
Although the reaction is not explosive it Is very vigorous and 
destroys steel in a very short time. Large quantities of chlorine 
can be released.

To prevent ignition of iron in chlorine service, the iron must be 
kept below its auto-ignition temperature. Using a 20° safety 
factor, a MAXIMUM ACCEPTABLE OPERATING TEMPERATURE Is 155°C.
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