THE USE OF ANEYDROUS AMMONIA

FOR

AGID NEUTRALIZATION AND pH ADJUSTMENT
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ACID NEUTRALIZATION AND pH ADJUSTMENT WITH ANHYDROUS AMMONTA

I. IHTRODUCTION

The purpose of this technleal bulletin is to disecuss the use
of anhydrous smmonla for Eﬂ adjuatment and acid neutralization.
We have attempted to strike a happy medium between a technical
and a non-technical approach to. these areas,

In mén?-cases, the economies of replacing ﬁthaf basas'with
anhydrous ammonia are very favorable. Each situation should
te analyzed individually, It is essential to obtaln approval

for a proposed anhydrous ammonia installation:grom“tha appropriate

regulatory. bodies.

Kl

IT.  ACID.BASE REVIEW

Thﬁ terme "acid" and "base™ #ill ba used guite frequently

within this booklet. One mebhod of defining these terms follows:

ACID = any éubsiance'which céﬁ give up or dﬁnﬁﬁa a proton
[hydrogen ion H™) to any ‘othexr substance., Ap aeid is a proten
. .@.‘M“ . R + " . . "

- Characieristics of acids ._ . _ ’

. Acids have a sour taste. :

. Hgids turn blue litmus paper red.. .

. Acids neutralize bases., _

» pH'g of acids range from 1 to Just below 7.

Ho e

BL3E - any substance which can receive or accept a proton
hydrogen ion HT) from any other substance. A bass is a proton
ACCEPTCI . . S

Characcaristics of bases (alkalis)

A, Water sslutiona of bases feel soapy,

B. Bases have a bitter or alkaline taste,

. " Bases turn red litmus papsr blue,

D, Bases meutralize acids, ' ,
%, pH's of bases range frem Jjust above 7 to lk.

Wete: The atrenzgth of an acid or & base is measured in its
apility to luse or gain protons respactively.
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ITI. oH MBASURBMENT REVIEW

pH is a measure of the relative strengths of acids and bases.: !

Relative - ' - Hydrogen Jon
Strength Conecentpration

Strong Acld’ 10=1
S 102
.o . lg-j
10-4
L10=
10~
Neutral : 1.0-7
16~
-310'20
ST
:lD-J'l
1o-12
\Ug 1013
Strong Bage a 10-14
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Iy, SQUEGES OF INDUSTRIAL WASTE ACIDS

i.

Industrial waste acid golutions that can create potentially
expensive and 1abor—c0n5umin§ Froblems to industry are
created from & vast number of operations. Specifically,
the following t¥pes of industries are orlginators of waste
acid liquorsa. his is by no means a tetal 1list, but does
indicate a basic group of industries which are involwved:

Petroleum refining operations _

Metaliurgical and mining operations

Chemical processing . | : .

Wet battery manufacturing and rebuilding operations -

L specific operation in the process of wire manufacture
normally requires the removal of rust and scale by an
operation known as "piekling", Sulfuric acid is normally
wsed as a dilute solution dip for the rusted steel wire
orior to drawing. The acid reacts with the iron oxide

~{rust) mo form iron sulfate and water. The pickling solu-

tian slowly loses its strengbh as each batsh of metal is
treaced and 15 finally discarded. At disposal point; the
waate acid ligquor usually contains from 1% - 3% free acid
Loy weight) and is still a¢idie enough.to cause corrosion
of severape facilities and contamination of municipal wabter
2P ather surface water wheve the liquors are dumped.
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v,  [NDUSTRIAL o ADJUSTMENT

Anhydrous ammonia is used to increase pH in segments of the
following industries: : _ SR :

1, Pharmaceutical
2, Ore Flotation
3. Food

This is by nc means a total list, but dees indicate &
basic group of lndustries,

VY. CHEMICGALS USED FOR _ACID HEUTRAL;E;TIUH

Aoid neutralization on am industrial secale i1s usually accomplished’
by the treatment of acidié solutions by the manual or automatical-
. 1y controlled addition .of ‘a‘basie (alkaline) compound, Depending
upon the characteristies of the individual bage, bases are added
as splids, solutions, slurries, or.in ‘the case of anhydrous
ammonia, as a liguid or a vapoer, The following tahle provides .
a comparison between equivdlent weights of various bases:

POURDE OF CHEMICAL EQUIVALENT TO
ONE POUND_QF THE FOLLOWING ACIDS :

CHEMICAL CHEMIGAL - - = = = & & = = = 100% = = = = = .- mr — -
: - FORMULA  CH3CO0H CrQs OgHuQo.H O "HCL  HNOy HoFO, H,30,

Anhydrous - . ;
Lmmonia HH':II Gozs 0131}- }quh- Unhf’? Gaz? D 52 01.35
Agua Ammonisa ' _ ) : -
(29.4%} Ni, OH 0.95 1.16, 0,82 1.60  0.92 1.77 1.19
Caleitm N o g
Carbonate Gal0s 0.84 ' 1.0p 0,72  1.38 0,80 1.53 1.02
Caustic Soda  NaOH 0.67 0.80 0,57 1,10 0.64 1,22 0.82
Slaked L . :

- {Hydrated)Lims CalCH)p 0.62  O.74 0.53 Y 1.02 0.59 1,13 0.76
Soda Ash NapCOy  0.88 1,06 0.76  l.h5  0.84 .62 1.08

LEAMPLES:

L. 0.47 pounds of NHj is equivéient to 1.0 pound of 100% HCL.
B. 1.59 pounds of CaC0y is equivalent to 1.0 pound of 200% HyFO, .
Co l.ﬂé pounds of soda ash is equﬁ?alent to 1.0 pound of 100%
H.S80; . '
it iy :

3
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| H
Note: Neutralization of chromic acid will not alleviate the
possible toxie effect of a heavy metal {chromium] on &
biological waste treatment system. If chromi¢ acld i=
present in the waste effluent, the method of treating
this waste will have to be carsfully discussed with
appropriate regulatory bodies. The ¢oncentiration of
chromium as it reaches the waste treatment plant will
be a factor in determining the treatment method.

EQUIVALENCY

One equivalent weight of an acid will ecompletely react with

one equivalent weight of a base. This is generally referred

to &g reaching sgquivalence, This does not mean that.one -pound . .
of an acid will react with one pound of a base. One squivalent -
weight of hydrochlorie acid, for example, ls equal to 36.47 .

prams and one equivalent weight of anhydrous ammonia is equal

-Elk? 1?#@ ETME. o i . . < ; )

4 strong acid (duch as. hydrochloric acid) reacted with a strong
base {such aﬁ.sodigm hydroxide) will theoretically reﬁch Equiﬂ _
ralence at pH 7. A strnnﬁgacig reacting with & weak base suc
ag agua ammonia will reach esguiyalencé ap D ﬁ% (Note: Aqua
‘ammonia is mentioned beeguse - aphydrous ammonia reacts with
vater in the effluent o form agua ammonia.) - Lo raise the pH.

. Trom 5 to 7 will renuire aﬂ%ﬁgn&l ammonig. - , '

e : The equivalent wei%ht cnmpaﬁ{sdns were caiculated on a theoretical :;
-~-pasis. The possible buffering capacity of & waste acid solution
was not taken into considerstion, .. - ' o

A ; | weRon
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VII.

| | ] : |

SﬁMPLn CALCULATION -~ NUMBER OF POUNDS OF BﬂSE EQUI?&LENT
IO A GIVEN QUANTITY OF ACID

must be - known.

To calculate the required amount of basa, the_ro;lpwiﬁg facts

1.
EI
3#
da
Se
64

sBOL

Number of gallons of acid solution _ {4)
Specific gravity of acid solution _ (B) .
Identity of acid in solution . _ '
Percent acid in solution, expressed as a decimal (C)
Equivalent weight of hase to be used for neutralizatian (D)
Equivalent weight of acid in solutinn {E}

Tha fgrmula for this calculatinn wculd be
Nember of pounds of base =g, BLEA}[B]{G}(DXE]

SAMPLE FHGBLEM

How many pounds of anhydrnua - ammo

A

of a L% sulfurie acid sulutinn°

To solve this prchlem we wnpld use the furmula stated abave.
Humber of pounds of base = E.B#EﬂJ{BJ{E}{DfE]

In this problem: PR

A (Number of gallons of solution) = 100

B (Spevific gravity of acid - A% sulfuric) = 1,0250
C {Percent acid in Solutlﬂﬂ! expressed as aqdaclmall = .04

D (Equivalent weight of base)’ T 17,0
E (Equivalent weight of acid in solution) .= 49.04

Inserting the values inte thé formula gives the following results:

Number of pounds of base
required for equivalency

Lk

= g, 3&{100}{199250}{9 04)(17/49, D#J
(8,341 {0.0410){0.347)
(39.194){0.347)

Answer = 11,86

I}

u

Therefore, 11,86 1bs., of NH, are equivalent to 100 gallons of a
solution of sulfurie acia. : - .

-

%6; oy

N - WERG
i 2

- T

nia are equivnlant tn 100 gallnns
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S5hould you wish to calc
cquivalént to an acid, the Tollow

ve of aassistance: .

RGUIVALENT WEIGHTS QF ACIDS:

Acetic

Chromic

Citric

Hydrochloric

Nitric

Phosphorie

cul fur

ic

( CH= COOH )
{Gragi
[c&HSG?.Hzﬂ]
(HC1}

(HNO3 )
(H3POL}
{HESD#].

EQUIVALENT WEIGHTS OF BASES:

Anhydrous Ammonia
Calceium Carbonsate

Caustic Soda '
Slaked (Hydrated) Lime

Sada Azh

Note: To determine the amount of
To nmeutralize a given amount of aclds, calcu

. NH
Ea%D3

Ka(H
G&[DH}E

- NazC03

60,05
50.00
70,00
30,47
63.02
32,68

49.04

- 17.00
' 50.05
40,00
37,05
¢ 53,00

anhydrous ammonia necessary for neutrallzation

the percentage of NHy concen
pound” of anhg
, of 29 ,4% aqua ammonia (100/%

For example, 1

tration of the aqua

late &

ulate the amount of base necessary for
ing rounded-off figures will

aqua armonie [HHﬁEHégﬁﬁﬁisiif? |

and multiply by -
divided into 100.

drous ammonia is equal to

gth'- 3'h}ﬁu

EQUIVALENT CONVERSLON FACTORS (D/E RELATIONSHLF)

3.4 pnupds )

EHBCOOH Crls _GﬁHgﬂ?pﬂzﬂ HC1 HNO4 ngﬂh' stﬂh
NHE Q.28 Q.34 Q.24 Q.47 0.27 Q.52 G.35
CalQ3 0.8,  1.00 0,72 1,38 0.80 1.33 1,02
NaOH 0.67  0.80 D.g?j 1.10  0.64 l.22 0.82
Ca{DH]E 5-62 D-?L D¢ 3 l‘DE 5.59 lalB 0976
NapCOo3 p.88  l.06 0.76 145 C.84  1.62 1,08

MTSCELLANEOUS CONYERSION FACTORS

1, To convert pounds of NHj to gallens of NH; & 70°F,, divide

pounds by 5

2, To convert puunds'af NH
divide pounda by 7.50.

Tables in the following section g
of various bases required to neutralis
values wera caleulated using the formula gi

.08,

,OH to gallons of NH, Ol @ 70°F .,

ive information on the amount
e specific acids. These
wven in this section.

¥III, TABLES ~ GQUANTITIES OF BASES EQUIVALENT 0 GIVEN AMQUNTS OF AG;Q

~m

-y



6°TE ~  9L°¥ol

109z

L LBT

YE6

OF°BP £370°1 Q% " TLT. VRN Ts
12: RO T £E 95T 89° T 9'IBT 59°6 86 Sk Q5201 %" 7 97- 06T
ZL6T 06" L¥1 GETEE STLLT 9578 DS EE P01 a8 ST 0787 .
.Q9'gT . 0s'éfT "r0TZT ¥°L9T &0'8 EQ"TY EEZ0T nntspT 0Lt
6P LT PLCTET ILT0Z CPrLST . 65°L LS*BE 6320°T - T | 0-9%
LEToT tizet 9t "61 £LPT  TT'L T1I°9E SB10"T g9TLZT 0°ST
9281 L REPLT L0 8T £LET  £9°9 997EE 28101 a0° 61T » DTPT
ST TT°90T G491 £LET ¥1°9 1€°1¢ 89107 0E " 07T D°EE
YO ET. . IBILG a1 FULTT: 9978 LL°BE LPSI0°T QL 10T G°ZT
P& 11 T 7S'e8 £T-¢T CFTEOT BTG EE"9¢ GETQ"T . LO'E& BT
901 - 6z " 18 A 5S°L6 L % 16°EE SETIQ°T 05 * b8 0-at
bL 6 LotgL FS TIT.: 89°* LY ET ¥ 6 TZ 1110 °t 76"GL B°G
598 e b9 201 18tLL gl°¢ LOBT LB00"T T#-L9 c'e
55* L F9°95 v6' 8 L6 L9 BZ'E 997 9T £BO0T 06 "8G 0L
9p "9 ar-eb 99" L 81°85 182 9g "t 69001 Z¥"0s c9
BE'S | . 9ETOF LE"D Eb et PE-Z £9°TT SG00°T 96 1k 6*sS
0E"F | rz-ze o1°s gL ac 98°T V6 ar0o* T T6"EE n*d
ZE"E | b1 PT 18°€ . L6°ag 0¥ 1 0T L 600" T 01°6Z 0°'c
¥1°T 80" 91 S 0E*61 £6°0 EL°F Z100°1 TL°9T 0°€
LD°T 20°8 L£Z'T £9°6 9t*q 96T 966670 oPE B 0%
96°0 A A PI'T £9°9 g g1°Z - #BBE°0 2057 L 60
98°0 2F"9 10°T 0L*L LE'Q 68T PR66°0 £L9°9 i
SL*G 295 68" ¥L'9 ZE'O g9'1 ¥R66°0" BE9S L™O
970 16" % 9, 'BLTG 8T C eV T 866°0 ¥00'S 90
st 0 10°% £9° 8" F £2°Q 81" 1 PEBE "0 OLT 'Y "0
—£¥%°0. 1Z°E L SBTE 6T*0 ¥6'0 ¥BE6°0 9EE "€ 1]
gco - 197 8E * 6B"E Ay TL*0 865" 0 2087 £*0
1270 09°T =T - €6°T 60°0 WA F366°Q g899°1 2 0
11°0 08°0 €T” 960 S0°0 Y270 266" ¢ FEGO T'0
ﬂmﬂvmzw mEDvaM FIDWEEH . [HO VAN . GOTINTOS JO  CHCDOL Hap
TN #p 67 CHN %poef FHN %5°v¢ THN xcc ez (SEN) {€HN) Ayiaerg  ceb 901 I=d pIaY arjedy’
B TUQUMNY . BTLLOumY STUOUNEY TETUOWWY  TTUOUMY R Tucumy 2Ty Toadg RToW 21390% JO uorinpog
enbyrsten  enby sqi epbyrsren enby Csqr CsTEQ *s5qT ¥00T spunog JuanIag

HOLLYIOE Jidiov dC SNOT14D DOT
O, LEETYATINE TY2IIWNIRD 40 ZLTIHV0D

§0° 00 IUBTAIM JIRNIBTOH

(goookED)
arow JTLEDY



9°TH1 9T 151 087 50T T Tt £920°1 LOE"TLT D" o7

$°SET TP eVl 8% 00T ££°80T J380°1 0% ° 91 261
G'BT1 B9'SET = 96°F6 . B TOT 9ETT T 0B ST 08y
LYDET 86 LET L6768 . £9°96 .- £eIZ0°T an Sl 0° LT
PUETT 6ZT0ZT - 6118 o L8706 oe0E0" 1 PETOET 4 91
T Z£°90T 1O ZTT TE& BL . LO"SR © GeTIN°T : 097 LZT 051
S0 66 86" 0T - LE Lt 9g " LL 4211 e A 007 61T Y R
DB* 16 YE'LE ET*89 £S°¢L 8410 1 0f "OT1 DET
so'te - £L°649 oB'za BL*LD FQT0° T © O BLTI0T DUET.
as "Ll tived . 6Y LG $0°C9 6ET0°T LO°LE D*TT
SETOL 9% "L 81°TS ZETeg SZI0O"T 05 $e. 0°0T
OC"£9 T0*L9 06" 9% - Z9"D% ITTO°T ¥6° 6L 06
G1'9s &% 65 £9°'1H 19°*st O LBDOTT W Lo 0*g
£0°6%F . L6°TS a¢ *of 9Z*6E £ER00°T 06785 Q°L
g6 T¥F 6F " ¥l +T"1E 19EE 6900 T Zv 0s Q"2
£6"VE TO"LE 16752 LG™LT SSR0"T T § 2 05
D6"LZ LS 62 . 0L"DZ FETTE QP00 T TS*EE 0 ¥
$6°0T §s1°zZ . 08°ST EL*OT 5Z00° T 0T ST D°g
I6°ET SLPT EE*OT | _ +I'1T . . ZT00°T 1491 o'z
569 9E L GG - - - *ogg'g 9666 ° ¢ oFE "8 T
SZ'9 Z9'9 N . op*'s - Y8660 905" L 6°0
€55 6B S - EL'® LA #8660 ZL9™9 B0
98" ¥ S1°5 . 0%°%¢ g8'¢ ¥066°0 gER"S LTD
oL "§ Z¥ ¥ 60" ¢ B 866" 0 ¥00° S 9"
L¥°E a9 ¢ a5 . 8LTE ¥B66 "0 0LT ¥ gD
L2 A A" Z 7272 ¥BESGTO T PO
B80T - TE°T ST 591 ¥B66°0 Z05°¢ £°D
BE'T - (¥ T 01" 1 IT°T ¥EE6°0 999°1 Z°0
DL*Q . FL*O ZS'0 55°0 ¥866°0 peet o T°0
{EoneD) <i{mo)es . HOTINTOS FO iHooafyn)
s1EUOgAED {Eonfem) . surl {HO®N) AyTamxn  teb apt T2d | pIow oi3say
WnIDTED Usy epos fpayeapAf])  epog oTIsned  2FITAedg PTIY DTASOW O UOTINTOS

o -teirs -Yeisd paNRTS "S4q1 "1 %ONT Splhog JudoTag
ROILI10% oldiod 40 SNoTIYD D01 . :
0L INEITYATAOE AYOIWIANG J0. KLTLEW0O
SO 0% IUbTeM JeTnOSTCW
(HEODEHD)
adIdy OTLEDY



16768 A EA OF "Gt 176922 96771 HWh 59 LT T 1°%61 aATar

61°8¢ F 112 BLLE . LESE  PESPL 6179 PGT"T 1*¢8T BT
A Ta L eeY 8f 1€ STEEZ 15711 41 85 GFITI D°ELT D HRT
Eqf'vZ z a8l OF " 6& STLFEE  BLTOT WA CO9E1LTT £'197 LT
. BI'EZ 6°ELT St LT L°BDZ  LO°OT ¥I°18 L71°T SI5T D797
L5712 . BTT191 S5 6T T°¥6T  LE"6 09 LY 6TT T 10T . 25T
LB 6T © BTePI SO EE 8°6LT £9°39 90" ¥ 0T1T"T L BZT 0* 1
%87 . TT8fT I8°T¢ g'¢9T 00°9 £9'0% ZOL°1 A 6TT RO R %
L8797 $°%21T - LB°61 8*TIST ZE°L 0Z'LE £60°T S ROT A
SE'ST - T-6TT L1891 ° T°g5T 999 YBTCE S80°T 366 a1t
£E7ET LEEOT g€ " a1 S*PTT - T0°9 12°0E 9L0° 1. 6L 68 0701
Ge 2T 69" T6 £9°%1 2 ITT 9g°s ST LE 899'1 BE "0B v 3
06" 0T YL Td . I672T 80" g6 cL*F . ¥O°¥E . 09071 LLTOL 08
8F'6 90" 1L TZ 1T LG8 IT'Y 06" 0T £a0° 1 S5 T9 0L
908 S 09 ¥5°6 ¥SEL OSTE qL"LT S0 T ZE"ZTS 09
L9'9 S0 08 06" L 90" 09. 06°¢ ZLT YT BEQ™T sL'ed DS
0£*S IL°6E Lo e A 0E" ¢ 89711 OEQ" T 1 orP
¥6°€ - 1 Y Lo ¥ L¥ 5t TL°T . 69°B ZZ0°T 59°5Z DTE
972 . G561 80°E 9P "ET E1°1 GL°G FIO"T 7697 D'g
62" aL6 - £5°1 YOUTT 95'0 S8°E 200" 1 0¥ 8 0°1
9T T L8 BE'T Sp'0r _-DS'0 98°T - . ROD'T 95 L 60
L E07T PL-L S E'T . BZ'6 T S¥T0 .. BEZ'T YO0 T TL'S - g0
0670 8L*O LD°T ET"8 BE 0 66°T ¥00° 1 gg-5 L0
LLD B & : Rl Ze* A Y0 L T +00° 1 ¥0's 97D
5970 2 R aL” iB*% 8Z"0 i | 00" 1 0Z ¥ - 870
250 98" ¢ 19" - E9TF ZE'D - FT°1 100" 1 9L "¢ £°0
BEO (4[4 ab . 8p°g LTI°0 S8T0 100°1 257 E*Q
9z “0 £6°T 0c* 4 4 “ITT0 LSO 100°T°- -~ B89'1 20
£1°0 . £6°0 - ST” 9T'T - 9070 20 100°1 - PETG 1'0.
(poVim) (HOVHN) {HoPEL (o Tum) . uoTINTOS 3O (€030}
YN %b'er  CUN %pcez SN wScpz  THN weoez (FeN) (Eam) fyTavrg  c1e0 pOT Ad | BTOY STWOIYD
BT L B T LLOUAY B TUORNR ETUCUNY  Bruoumny BTUOWTY ocr3tvads pisy DTWSIYD IO UOTINTAE
enhy - sTED enby sqy  wnbycsiRo BORY Sl CTSIED =1v | *oOT spunod FUIDTAT

ROIIN108 Dldiod do SHNoTIvs 00T
Ol INFIYATNDYE IYIIWIHND J0 ALILNYAD
10001 FUDTSM IRTIROITOW
. {EquD)
CISY  OTWOUHD

=] 0=



2 b6l . 9507 g 8PT ogrssT €917 1'e61 Ry

T°£81 6 E£6T S GET £°9%T PSITT 1°E87 . 1B
' ZTLT T T8T prL?L S LET qF1° T a7 DT
z 191 B 0LT P 61T 678271 1 O £19T ATAT
ggcT = FT65T FrITT £ 0Z1 LZ1™T §*asT G*ai1
2 0%T ¥rab T L"80T 0211 6111 1°a%T a's1
B 62T PULET £0°96 LUEQT { OTIT Y Lo6TT 01
9°6TT trezI " G588 09°S6 Zo1"1 97611 S R 5
§ 60T 0911 L0 TH 25 LB ” €607 1 5 607 0°ZT
G966 5 S0T . T 9LCEL cO-6L _ s8Nt G966 A°11 -
€8 GH Z1°56 05789 - BLTTL 940" 1 6168 00T
G206 L5°F8 pPFT6S . £T°%9 #99°T - 82708 06
08" 0L 96" PL 0¥ “2S. - H5°9% 090" 1 LL"OL DR
9519 9T°49 GG "G¥ BT 6% ESO°T 6519 0" L
ok "Z¢ £P° GG 6L 8¢ B TP 0" T ZE 26 c'a
ol 22 2 BE"SF LO"ZE Z9°¥FE BEOTT SE*ST o°s
0% ¥¢ g% "9k e¥ ‘sz 6" LT DEQ"T - BE " PE o*¥
09°SE T LE S6°81 9y "0z EZ0°T =M T4 n*c
76797 TG LT -, E5ET €6 ET rI0™T Z6' 9T 0°Z
0b "8 6878 . zZ7'9 1.9 90071 or"4 o't -
PETL 66° L BS'S - €09 L ‘95" ¢ 60 _
0L 89 0T L TS : 9€" 4 ¥OO'T 0 ZLT9 - 80 -
88" ¢ 179 . RETV 69°P YO0 T 89°6 £ 0 iy
£0°%S EE'9 ¢ TLE Zo'% $0OG'T ro*s g*0
6T ¥ 120 0T € GEVE 00" 1 pZ ¥ 50
¥e g bS"E L¥"Z 1972 1001 SE "€ 50
1672 9g ‘¢ 9g°1 002 TO0'T Z8°¢ ‘€0
L9°1 LLtT ¥ 1 ¥E T TOD°T - 89" 1 70
B0 E8°0 za'n A 100°T ¥E'O 1°0
_ﬂmoumu_ ¢ 7 . ¢ (mp)en uwoTyinies 30 . . (€0am)
sjeuoqiey  (Top“ed) BT {1HO®N) AytaRin  +1PD Q0T x2d  pIOY DSTWOIYD
IUMTSTED ysSyY =Tpos {po31eIpiR) ppos ©T3ENED 2TITo=dg  prow 2TWOIYD jo UOTANIOS
BT * ST poyeTs ‘SqQT - 8qT %n0T EPURGd . IUSITAg )

NOIZRI08 oldIDY 40 SNONTVE DOT
0L INATYAINDE TYIIKAND JO ALTINYAD

10*00nT FIUHTAM TeInI2TOoW
. {€oan)
QGTOY DIROUAD




BS'H .

LLBT £ arl Ob° €8 £ LLT S19° Ly 180 ] boOBT
1i"8I £ OPT 122 £°d91  Fi°H 97" Th Z9L0° 1 LEULT
S9°'LT PoZEL 1607 6°8ST 9974 6BE BLi) T 277197
19°91 9 67T L9'61 sebT IT°L R 2 e 1 SLonT1 S 15T
L6561 9971 £t a1 1°CPT 9L°GC YL PE z2ra0°T a7t
ST FT 3°60T BT "4 2°0ET 1€-9 LO®ZE 1650°T QT 7ET
5 g1 PTOT on"*aT. 9°12T L9°S 1B8°62 645071 77T
6v'Z1 NL EG 6L"PT $TR1T EP°S .96 LE 0150°1 A*F1T
08"1T zZ- o Z9°FT S*L0T. 66°F 9g ° 47 QLFD'T 8 F0T
05 0T o8 £P°ZT GFP6  O5°Y 91°¢2 TEFD'T o¢ ‘56
I5°6 0E"TL 9z 11 56* B ET* ¥ LETOT TEEGT 7iL'98
58 Z6'CY 60" 0T oL 9L oL"€ a8 g1 15€0° 1 BLLL
pG L BG 9% £6°8 68" LY BZ°t $9°91 6UE0"T £8°89
859 £8 6% 6L L DZ°6S 98*Z 16 %1 89701 Zo*09
- £1°2F 59°9. 56705 - 6E°ZT LZZO°T I2* 1S
09 b 56" ¥E 26°§" P TP ZD°2 8z 01 8810"1 TRl
zi't T aBriz ob* ¥ . EF'gE 19°1 618 6FTO"T 85°¢f
Bl Z 8 0T 6Z°¢ 86" $2 0z°1 Z1°9 CETTOT- GE°5T
BT ZB ET BL"Z 65'9T ~ aB-{ LO ¥ U wL00°T 1891
Z6°0 88° 9 60T wzre 0 Gvto . £0'Z LEDO"T - o8
¥E*0 629 66" G4 L 9E"D . S8°T. 6I0"T as™L
S£°0 ES™S ge". L0, ZE'D  ¥9°T 610 T 2L D
$9°0. - Bl 2 LL® ag"s azZ°0 PRI 610" T a9°%
9570 0z P 99* ¥0°5 vz e €2 1 610" T p0°S
L¥* 0 056" € S5 " 6T ¥ 0z*D £0°T1 610" T 0%
LETD 9T vy’ T€°¢ 9“0 1570 Son-1 Of "€
a7z o Lo'E £E" eb-2 Z1'0 19°0 SO0 T 9%
81-0 BE*T ge " 89* T 8O°0 T+ 0 S00°T "BoTT
630D 690 11" £g°0 v0%0 pEen SO0 T v 0
“{Hovan) A0 THN) aovET I T TOT R o8 10
Sun %popZ  CHN Xy 68 CHN ¥$°yC  THN msve  (PHN) (*HN)  Asraesn  cTeo 997 Isd
BT IR BT Oy B T Uy Truoway eIy B TUOURN arzioads BIaY SITI3TO
by 5120 eaby syl POy ETBEa Bnby 81 CSTEN =1e | : ¥70T sSpunod

ROIIrTas BIaTS7 40 SNOTIvD 001
Nl LEITEAILDE IYIIWIHD A0 ALIIWEYGG

T°0TZ IHLTaM hMﬁsﬂMﬁDE
oY 2TELTD

o

0707
el
e
9741
0791
-NES5T

E m &% ® 0 Db A &
E e s B A |

n % ®m ® 3 mw a4 K &

L B To T B e N v e B o o e o i n i v e o
-]
OO OO oo O~ NM UMD~ N

T°0
§% T 0893

PTI% 974313 -

I uUnTyn1as
L EREET

-l



8°BE1 Foefl £l °S6 20T ST 10 197

5 17T 17671 61°06 - Bele 7oLl FRE T - BT
a'sIT 8 TET 154 i8'16 G6140°1 0719l 81
Z:1gat S PIT "6 0B £k 98 5490° T G181 0" LT
BTLOT " LOT . LOTGL . Z0"18 7eon"T N4 : 0" 51
SL V6 E*00T 6O 0L S -1- Y] 1650°T o9 ZLT o brgl
01°88 97 "£4 L1499 T GETDL 650 T 2°fZ1 2 PT
v 18 22798 SZ 09 ¥a°3s ATS0° T i 0°FT11 'DET
S6°FL EL 6L PP S . PR°6S ALP0T g°F0T 0°ZT
or-8% ¥p 2L . 2905 97 uS 15F0° T 9L° 56 . 0Tl
G619 19°59 SB'SY 6V 6V FEED"T Ziteg 00T
6564 TR 8% o1 1d 9L ¥ TSE0°T QL LL D6
8L 6¥ LO7ES 8¢ "9t LZ BE 6080° T t9°E9 0'8
98 Ty LETGF 1L 1E €2 PE 8970”1 0 0% 0L
09°9¢ FL-8c . LDTLE ZZ 6T L1201 . TEtT1s )
8 "OF 9T *ZE Ly TE . 92" ¥z gg910°1 g5 Zh 04
12°¥E £9°5Z. T LT £E BT 6510 T g8 cE o*F
6081 ST 6T A€ "ET . St ¥1 ZIT0°T §5£°GC 0'E
T0°CT A . 688 666 . FLOOTT 18°9T Q°e
BG'S +E*9 £ty gL ¥ LECO™T ov°a 0*x
L¥s 6L"G cosoty -, RO 6IC°T ag“L 60
88" f 171 G : Q9°E . BB'E T BIOTT ZL*9 B0
5Z°F pst Y . &T7E o%’ € BTO°T Ba°sg LD
ot 98 € Cootte . 16°€ 6T0°T P0G 9°0
D€ ZE'E T A A % A 6T0°T Qg " ¥ 50
Q¥ T PSZ LitT . - 2671 00" T =T ¥ 0
08T 06" 1 £C 1 27 <00 T Z5°¢8 Y
RE"T L1 : 68°0 96*0 S00*T 89" 1 2 0
0920 £%°Q 0 aF-o 5001 ¥8°0 0
{fooeD) 2 (HoYed QOT3NTOS FO (o = +0Fu%))
agruoqien ““M.G_.um.mzu ) suWTT iBoEN) Zytravan  1eb gpi xad pIOW 2TIILD
wnraied UsY¥ EpOS ipaszIpiH) epog o13Em®D)  2TI108CS  PEMY STI3TI 30 uct3nIog
*8q1 “SqT gayel§ "sq1 =) %30T SEUned FUBDARG

HOTINA05 DLUIJY A0 sl I¥D 00T
0L LRIIYATNOT I¥DITWEHD 30 ILTIRYND !

T-DTIZ IUBTEM TRINODICH
{a%s: LoBu®D)
TIOY DIHLTI-

-13-—



297 df. T 067 NE*SY 1'8vE B9 ?¢°58 e T oAl n*ov

€5 Of v RLT fECY § 62 68°51 1{°0B 6265 T gr "L LT 06T
& PE Lgs7 98" Ov §°1E BaTFL 01" 94 B80T roEoT 18T
A YA {4 6t *BL S ReTeZ BOTPY £5°TE L7at i - 697051 TREA
LETDE 8°LFE L6"SE S yogrz 6T°LI TgLe DT &Y ERT -7 0°9T
of "8T - 5" 21L 8BS CE 7'ssz IET€T° FE°ZA9 97 Ly T £ PEl A°61
zEt9T ¥ LT LI°TE g*afz E£¥°T1 90785 T AT Sl S L PET npl
R XA $"T8T ks Rl =4 S ptelT L9701 897EG G7eI" T 61T CDET
T4 A 9" L91 ot ' 9z S TC1G2 0L ne * 6 FLGO°T 67501 a'el
0F'0z D £ST 9T #2 g°ggT - 998 66° ¥ rra0”1 99° 96 31T
gt po8ET 9g* 1€ 1°99T 10°8 TL OV bLpQtT v L9 a1
L6791 ik T A 96T T°6%T 0Z7L 65°9F Qs¥0°1 ke “BL 06
£9° %1 L'&a0T TETLT Q*TsT SE°9 9¢°ZE Bie0”T L2°69 =8
FL'TT 556 80°5T @*%IT £57% a1*8g BIZEQ"T LETQT DL
L8701 06718 L9°T1 08" L6 2Lt L6 EZ 6L70"T L¥T15 0'9
106 65°L9 Lgtor . TI'I8 I6°¢ BE 6T AR EL°Z¥ 0"5
BT L egtes 05*g" 65" ¥9 ZT"E £8°'ST 1810°1 66 €L Q%
SE*S $1°0F pc'e . B1'BY¥ gE"L 18" 11 TE10°1 T¥#*5¢C 0'€
S5°E 59°92 12°% B6*TE  ¥5°T vatL ZBOOD T £8° 9T 02
LL™T 9z €1 CB0'E IBTST. LtL'as DEUE Zeon 1 LL'8 a1
_BSTT 142 4 S gg*t | GZ°FT 69’0 0S¢ 100" 1 EES L 6°0
T 6501 PR A= | 14721 180 ETE 91001 3699 - B8'0
ret1 9z b gb*T. = EI°T1 2 R - A 4 aTn0 T 658°5 " L0
20T e L e 1 €56 Ay 0 ¥E“C 9TO0 T ZZ0'g 9°'0
BE8°0 -+E9° 9 0T P6°L ge°0 8671 97001 581" ¥ 50
aL* ¢ . 6§ P8’ CE"9 TE°0 ag" 1 o001 g¥e "¢ F0
£5°0 96" € 9" aL ¥ €2 0 LTt S000°T 115°2 £ 0
SETD L. P9TT Zr" L17E S1"( BL'O GO00D" T GL9°'T 70
g1°0 - Ze T LA ga°T g0 0 6L "0 <000 T LEet 0 1°0
_{HoYAN) (w0 YHm) (Ho¥HN) .mﬁmowmzu . uotanios (106} PIAY
N %yt 6l CHN %pT67 CAN %GTPE CHN %5°PT (S rN) {€rn) Kazaexs  Jo "TED 00T STIOTYIQIPAN
A T Loy E LUy 2 T UUNEY BTUGUNTY B Tudunny LR Eativiinhy arztowds i=d BToY 30 UoTinioes
rnfriSTRD ernby sl EnBY STED enby “sgl  “SiED =5 ST IO TYPOIPAH jueINSd

Tordmios 2191o¥ 40 SHOTIYS 00T
ol LNTIVA (0DHE T¥IIKEEHD 40 ELTTAVNAD
op*of JUbHTIM TRTNOITOU
C[TOH)
CQLOV OLMOTHINITAH

%OOT spuned

“1h—



—_ . e

€162 0° 997 n' 981 . etpae ae69° 1 £ (a1 a8t 0T

LoLEe SLtrsE Q- 9Ll . 0 neT REBDT COBETELT n=aT
Al &4 £ LET 6°59T 1°6L1 gL8n0"1T TE9T Q781
L°0TE Q" tZT 0D 95T 991 £280° 1 §9°taT 0% LT
¥ L6T 6" BOT 1°9F1 L7LST 9LLD" T 6 EPT 091
Z'991 - 0'$eT _£75ET ZTLb 9z7LO" T CECPEL 0° 5T
G TILT 0" 18T . 9" 9¢1 CLT9ET GL90"T LoR2T a°%1
1°B5T LT 0" LIT A TA 5790 1T £TETT 0°ET
AR | L EST ¢ LOT B G N Y | FLS0"T 6°G0T - 0'21
G ZEY £0rT £0°686 ' 6601 PGSO T - 9936 0 11
6611 - BTeEl GL BB 28's6 PLTOTT Iy-L8 G 0T
9°L0T 0" %11 oL 6L - 80" 98 05F0° T FETBL 0'6
Q0’56 9001 FeE oL 66" GL L0 T LZ'69 0'g
GL*Ed 09" LB 52719 +#1°99. 8eL0°T LETO9 QL
0o 0L 4oL Oz ZS £f 95 GLTO°T LY 1S " 0"9
09*8% 8619 YE LY 08" 9% L QEZDT L £L°E¥ 0°s
19° 9% peet g5 Fe gTTLE ~ 18TO'T - 66 EE 0P
09"t £E§"9E , 9L GE T8 LE ZETO'T TF°SZ atf
BOTEZ 4l A g0ttt s¥'8l Ze00"1 £8° 91 0°Z
BFY 11 -ai"zl . os‘g .. -~ 86 . . ZEDO' Y LE™S 01
ZEOT zG6 0T 2 A —f gzrg 7T ST00'1 . -EES"L 69
LT"6 B U7 - eL*9 7 COEETL T 9T00°T 9699 Q70
zZ0"B 059 CO¥ES : . ift e 91001 - BSB"S L0
B89 8z L 60" G 05°S 9100*T £Z0°S T 90
viL'S 10°9 vz ¥ .. BS'F 91Q0" 1 SBI" ¥ S0
85'¥ o GETE 99 ¢ SO0 T a¥E £ ¥ 0
22 A : ¥9'E ¥5°2 . Y A A SOD0O°T . 11s°C E'O
622 L ZPTE 0L £8'1 S000° 1 FLIT Z'0
AR Te°T 5870 Z6'D SCO0° T LEBTQ 10
(Eone ) : € (g0)ed uoT3N]OS (TOH) ~PTO¥
[REUCGIAED HmGUmmzu BWTT {IOeN) A3TaBIO Jo =1=0 Q01 BTICTYICAPAR
umfoeEd . UsS¥Y Epes ﬁﬁmﬂwuﬂhmv TROg OTASNED arITosds i=2d proy yn uoT3anios
=g =TT payels "Sd1 2q1 . oTsaTYDoIPAl JuAaaIag

A -

NHIIA0S STar ¥ 20 Gnoiie 00T %007 SPuUned

0L IHTIYATODT 19IIWEHD 30 ALIINRAD .
g9 IYETIM TE{NO3TON

{Ton)
aIov DINOIHO0MGAM

-15-



LET6

LR G OLT €6°9Z LT%0Z 97 D& OSTT"1 17991 o Rt
gp -1 17191 q¥ 5¢ FUEGT £f & 6E LD BRIT " 3°6LT 3767
vZ 'O B TST 96 "L.Z 1°281  &L'8 N 4 T 9°S9T 08l
00° 6T S IFT 0672 BUTLT %28 267 1% $960° T 5 65T 0Lt
6LTLT PrEET LO"1E 1091 ZL*eL ¥e-6f f060° T 0°SHT 0°9T
6591 AR Al £9°61 A DE"L 85" 9¢ 80" T LoGET B° ST
6E"ST 51T ZZ2°8T S aeT 89" 9 S6°EE 184071 0 971 0°¥T
TZ°¥1 97907 £8°91 6"LZT L1"9°  GETTE 124071 £791T 07ET
SQ7ET €8 L6 StST POLIT, 9975 8L "Bz 199071 8907 Q7Z1
06" 1T BL 68 80" F1 Q L0t 9T* % EZ 9L 7090 T ZETLE 011
SL°0T 19'08 £LET L"06 L9 ¥ TL*ge £¥S0 T B6*LE 0°01
296 81"zL 0P 1T €998 g1 ¥ €212 E8F0°T GLT8L 06
05°49 8L E9 £07 01 ¥5*al 697€ aL81 LZY0 T 19769 08
oy"tL &% "85 LB 6599 TZ°E ze' ol BIED" T £6°09 DL
T€°9 £€ LY LE-L 6L°95 14 6 ET Z1€0° 1T £9°15 09
£2°% 0Z “6E 619 YO LY Lz'e €S T1 95201 6L7EY 1 0°%
S 1Z°TE £6° % GYTLE 18°1 81°6 T0ZO"T §0°FE o'y
0I'E BT EL 89°¢ ¥67LE SE'T. GE"D 9¥1a"T O~ S2 0% g "
902 £F'ST yEUe ZG 8T 680 &' ¥ T600°1 $8°91 0°€
Zo"T L9°L et (IE'e . PPTO 9z'e 9£00° T BE"B 0T
2670 .06°9 60" B k- SR 1 v €072, 8TOD"T ZF5 L 60
ZB 0 £1°9 L6* og*L ~  9€T0 | 0B'T 87T00°1 ¥OL™9 80
TL O 9€ "5 59 ° £v°4 0T 851 8100" T 99B" S L0
19°0. 09" F gL Z5°S XA SE°T BT00"T g920°% 90
1670 £8°E 09" 09 ¥ £€°0.. . £1°T BTQ0"T 061" ¥ S 0
b°0 An°E B8P L9 E BT 0 0670 S00a"1 ZGETE 0
€70 0E*e 9E - SL°T £1°0 89" 0 000" T ¥IS ¢ €0
pE"0 ST ¥e* 871 6070 CF 0 $000"T 9L9°T Z°0
(13 Iy 9L°0 ZT” £6°0 MY ZE0 5000 T BFE"0 1°0
(FOTHN)  {HO'HI) (510 H} (o BN} uoTINTOG FO R
£un %y e TN %p el Pan %gpz FHN ®svE (SR _._nmE Zataein  TeD 00T Jad  pTOV STIFIN
T TUOUnY BT UCUR B T VORI BTUCUUY ETUGIMy eTUCKuy STITo=dS DIS>Y JTIITH 32 UoTIOTOS
conby-siea enby sqgy crbytsren enby rsgqy CsiRD o -Teu i USSR

HOILOICS DLAIDY 40 SHOTIVD 001
OI LRATZAINDT TYIIWEHHD I0-AL1IEYNG

709 IYHTEM IVTNOVTOH

(£omr)
gIov DIELTR

HBOQYT Spuncd

-16-

b

ﬂ
]
_
;



gt *@NT

LeiwT TP 941 0T BT SETTICT 1:99T 2797
5 6L gL AvT 1€ E£0% A5 T1T RENTT 4 GLT 06T
FIIEY DT "6ET £E LG TT°60T 9z01° T 0° 591 0781
PUELT cLTOLT ‘DP°16 15786 o621 5 §5T LT
9°S1T -~ 9t ‘€T S5 %8 6f'76 £4960°1 9°5bT 2791
9201 80" ¥1T sL Gl - Zyantl L"GET D81
5666 L9°50T ZO'FL t6 6L IBLO" T 0° 9T T 041
SZ°Z6 9L" LB S¢ 89 T8 €L TZLO'T £°9711 "0°ET
QL ¥8 L9 68 63 TY OL"L9 1990° 1 87901 neeI
0T~ LL 08149 6L L5 4L'19 Z090°1 ZE LG 0*'Tt
D869 (GBTEL QLTS ¥2°5% EF60TT 867LB 001
Gz 1L 6199 9z " 9% LGT6Y GRPO°T SL gL (o
4 N ¥ A 16885 16°0F 81 ¥ LZF0"T1 1969 QB
£0°%Z . T6°0S 65°GE 2 1 69€0° T L5709 0°L
9% " 0Z ar ¥ £ 0t LL7TE ZIE0 T £9°18 - 69
86" 9T LE"SE 51 °5T Q1" LT 95Z20° 1 6L°TE 0§
157X 29" 8BE 00" 0Z T9°12 10E0°T S0 ¥E Q¥
80701 GE'TE £€6°FT T1°9T. arI0"T %" SZ 0"E
899 ST %1 06°6 69°0T 1600°T $2°9T 0°C
ZEE ¥D'L R S rA 9Ea0 "1 8E°8 DT
‘86" ¢ -ZE'9 2ol R - T BTQO°T ZrsTL 6°0
502 Zo"g -5 A A o BIQO™T YOL*9 80
A €6V S % TL 810G T 908° 4 L"0
66"1 A §567L B¢ a100° T gZ0"4 8°q
991 TSt oy T 59'2 g8T00" T 0eT* ¥ g
ZET 1B ¢ 96" 1 Z1°2 000" T ZLE"E vT0
6670 Q1°¢ Ly 1 65T 000" T Y1572 v}
969 Lokt 860 90*T SooR"T 94971 ZT0-
e L0 &% "0 £5°0 S000°T cB"0 1°0
.Hmn.umuu € (Hojea - uor3inTos Fo {EONA)
syRUNCIED (Fonfen) BWTT IBOPH) Faiaexn  Ceb goT x9d POV STIRIN
wnTTED iYsy BROS {pa3EIpAiH} upog OT38DED Umm._“um.mm ptoy DTITTIN .- J0 ueIjnjes
*5q] s paye1s *S5add =1y | SnnT sSPUNOd Jusorsd

NOTLI0E DLOIoW 40 SHOLIYD pOT
OL INITTYALADE TYOINZHI 40 AL

ILNE0RO
FO g IULTOM IRINISTOM

(€ oNH}
ardy DIULIIN

]l



A
EA T
o5 dt
657 9C
b2 “FE
Z6"1E
£9762
LETLE
ol T4
1622
TL"AZ
£9°81
6t "9l
LZ ¥
ar et
80701
A Ik =
EE"S
Le"E
6T
LL°1
BL"1
BE*T
811
86°0
EL°Q
650
6E"D
0z 0
qﬁmo HH)
"EN BkT6L
BT oumty

1%

£"87¢
1°91¢f 96 G
Z°26Z £1°9F
¥ PLT CE-Ly
8" 952 F5 0%
p 6EZ ae"Lf
£-ZEL 60" GE
£°802 T¥°2E
891 SL"6Z
g 1Ll o AR
E°GST £5° VT
0°6ET 66° 1%
6 ZZT IV 61
0 L0T '68'91
6116 6L T
T9"SL P6 1T
9109 056
84 b 60* L
9L " 6E AL v
0B %1 A
62" €T 1) A
za'1T 98" 1
¥E 0T £€9°1
98 '8 a1
Q€ L L1t
06'g £6'0
¥ ¥ 0L«
67T b0
v 1 ET*0
mﬂmogmzv (HOVAN)
HN %b BZ  CAN %5°'¥Z
=i A alilihiy B T LOuIryY
BARY SR

by s 120 enby -sa1
¥

HOT40s oldioy 4
QL IMZTEATODE T¥ITKEHD O ZLTINYRD

L T3°6T.

— —— e

T SNOTIYT 09T

b0 86 UBTOM TETNOS]OW

(Yoatm)

IIo% OTIEHIS0HT

9°¥b - 15796 FEIT 1 2697
1 7Lk 66°'LT Z2°16 TL01°T 27581
9°psEc  ZB'IT fE°G8 goaT1 "1 v S9T
£°RZE 68°GT JL708 opa0 " 1 #5351l
1°808€ 28"%1 76°si ¥880°1 £abT
£ "L8T ag el I¥°0L ¥ZBO°T 55°5CT
LTo9Z  LB'E1 gg* g9 FaLn 1 g°621
£Topz  93°T11 LE"0% a3L0" 1 2911
192, 16701 TP CE L¥FDIT 9307
1902 ¥5°6 26708 0Bs0° T GZ°LG
¥ 981 66°H g9 G¥ TEGO'T BETLB .
g=99T G0"8 68 of = TA TV A £LEL
LT EI°L ST 9t 0ZH0°1 £5°69
£°821 DEZ°9 L TE SOE0°T 09° 09
$"607 BZ"S zgtaz 60E0°T 79'TS
¥L"0G ag v ¥Z"ZZ GGZ0T ¥R Z¥
kA4 b € oL LT WTA R | SO PE
g8 €S 092 DT ET arTo~1 S¥TSE
ZL'GE ZL'T SL'8 ~ Z600'T #5791
_BLtLT- 9BTD SEP BEO0°T BE"S
cg ST .. LL7D 16'¢ BTO0'T ZPaL
BL T 8970 (23 el 3 6TI00"T $0L" 9
vzl 0974 FOE 6100 T 988* G
9" 01 150 192 G100 T gZ0'S
g8 £¥"0 LT EI00°T o1 ¥
g0 L FED ¥EoT SoN0* 1 TSE'E
1E£*S 9g*0 pE"T Sp00°T HI5*¢
7S E LT"C ig°Q S000°T 9L9"1
LL T .890°0 £ 0 500" T ge£a 0
fHO LIN)
Euw %e bz {CHN) (S UOTNTOE * 18D
eTuoUyY 2TUOWMY — RTUOLRNY AyTarIn 001 x9d pIOVW
prby ST C“STED *sqI aryToads orroqdsoyd

%001 sSpUnsd

0°.01

ooOoOoooo0
ﬂ‘plil'l
Daﬂcﬁmmﬂ-u‘uﬂrﬁmm

M wp -0,
[ " 0
-'.-:.-DGID_Q

(Yoafmy pioy
srangdstgd

FO uaTINTOS
Ju=213d

~18-



grize

'l 2T 210t 9 JIT PETT T g6l
9°397 G yBZ 6961 L*P1Z Ti0t*1 G'aLT
A AT 1°89% g La1 £ 02 £901" 1 ¥759T1
L LEE Le1sE arolT 0061 ar6e3" 1 Pl
vTIT G*CET L PoT BULLY 8E0°1 £°5%1
" LOT 9612 S*EST L7697 FZHO'T §576¢71
5 E6T 6°£02 S TPT g £sT ¥oL0"T f8"GZT
g Lttt E*g8T L TET 1°Z%T 90La" T 2911
T°£9T LTTLT 8 02T ¥OET LP90°T 5° 90T
8841 9" LeT 2011 6 911 oeG0°T 0 0 &Z'ié
S PET 5THT 19766 G=L0T TESO"T 69°L8
vi02T G 7T L1768 ¥ 96 9Lw0°T EL°BL
90T a"zit ra et 60" S8 0Z¥0 T L5649
59°Z6 " G1°BB z9°499 90 "L S9ED" 1 a9 09
A0 6L BOER 79785 4T EQ B0EQ"T Z9°1%
05759 9£ ' 69 60 BY PETES TTATR 4
0125 QT " 545 £5°BE 3 2l COZ0"T | SO°YE
B8 8E i kg " BL*8E 80" 1L oE10" T Sk T/
89°SZ- ot LE 60"6T 09" 0% ge00 T~ #8791
7821 BE LT -6¥e -t G2T0T 8e00°T - BE'B
Z8°11 gz 2T EgTR - 0E"6 &TD0"T Z¥e°L
¥Z 01 #9-01 -« BEYL 814 61001 0L
. 9678 BYI6 €979 9T L CBTQ0°T 998°4
'og9TL £1°9 69°5 179 6TO0T BE0"S
D9 8L°9 ¥LF T1° S 6T00° T Q6T ¥
T1°% IP°5 BL € 60*'¥Y 5a00° T 410
$B8 € - 80'% ve°zZ 90" & 000" 1 . BIGTT
o6°% IL°T 63°1 ¥0°2. SO00°T TR N}
8L°T .5e°T C6"0 201 S00G" T BER"Q
(fo5esT —TTHOTES TSTIHI08 120
S3RUCHIED {Eonfem amTT (HOEx) Aataezs o1 Xad p1ovw
BWOTITED sy TROos {paazraplAH) epog o13ENED aT3yToadg pTaoydsoyd
S T=ul “gorT paye1s “9q1 “5q1 : %onT SpuNod

e —— VY Ll s

ROLLATOS 2Idl
Ol INTTEAINCH T¥IIWIHD L0 P

o s

SoF Jo SHoTIYn GOT
TINVRD .

#0°8

& ybTeM IBINOFTON

(Poatn)
OTOY DTEOHIS0HA

Drag
0°el
0°81
oLl
0797
0'sT
Q7 FT
Nn*el

t

n
R
- QI

coooo o
L[] [ ] L]

e W
[ T
(= B R B L~

.08 m . &
oooCc oo

ot e
+

TV3AtH] Brov

araoydsoyl

3o _UoTINTs
AUasI34

(-19=

P ———



e . * - . -

R 67  tzrpez 6L - 17692 86°TT . 66759 POOT T 2 06T R T

mre BS 112 0F"€L 6°(52 . 52*71 £7°29 8T11°1 S 6LT . nTet
cqrar ¥17 661 A 3 0°6LZ  E£5°'TT-  £5°85 £P71° 1 6 99T negT
16' 42 09°98T 0§62 2°kr7 T80T P6 "8G R9TT*1 voGaT LT
6 €& 99" BLT L5 LR 9'6a% TTI'01 LETTS FEOT*T 1°8k1 . S 09T
69°12 99791 896G - 27661  Z¥°6 Y8 Lb 02a1*1 6 LET 0'sT
I1°02 © BLTOST 08°E2 6°D8T £L'8 SE PP Lyen*T 6°LE1 01
§5 8T 60°6ET 96°12 6°09T" - g0°g T6°0F - ¥8)°T . 9°BII Coater
00 LT €STLTT £1°0Z 0°EsT  9g°4 15°LE Za89°1 Z° B80T N N4 |
Eb'ST - P19TT pE *BT Y'EET  ZL"9 . 9T dE T1€L0°T 1586 : 711
66°ET 8T pOl 967971 '6"GZT  L0"9 SB°GE . 1990°T - (6°BY . Tatay
TS 2T 18°¢H T8 T 9°ZIT  E£F°§ 65" LE T650°T 5562 0'6
FOTT 2B EZB 80°€T 6566 08" OF “ ¥ ZZ50°'T T 0oL o‘g
0976 86" TL 9g 1T LE* OB LT'Y L1'1Z ESPO°T 90" 19 0L
L1°¢ 0t " 19 ¥6°6 95 °GL S5°¢ £0°BI SREDTT 00°Zs D*9
LL™G 9L 0§ 10°8 T6°09 6 2 £6"F1 LTEG'T  ° 50*cd 0°g
8E°G ZE 0¥ LE"9 6% 8% ¥ETT . 98711 0§20°T 22 ¥e 0¥
10°F . 80°0f SL'Y B0°9E . PL'T +8°8 _PBTOCT a5 °52 . 0°¢
S9°Z 16°6T PIVE - D6"EE . ST'T | - 98°§ ETT0"T 687 9T 0z
ZE'T 68°6 S 98°T - 98 TI LS50 16°¢ 1500°1 6E°8 0T
BT . 88"8 °  oF°T - SOt ESTO 19°2 - SZOD" T TS5°L &0
50" 1 69°L 5T 1T A T 1 3¢ ZEE SZO0" T ZT1L°9 g°0
Z6°0 06" 9 60°1T . &z°g or ¢ - £0°Z 5Z00°T £L9°5 L70
BL"0 . T6'S 6" _ aT‘t ye*qQ LT 5200°T PEQ"S 9°0
9870 SR R 2 aL - EAS BZ'0 6y 1 ST00°T SET" T S0
£5°0 v6 € z9" ZL'F EZ°0  ST°T . 5000° T 95 °E $°0
650 $6°2 iv* ¥5'€ L1*0 La*o SN00°T . L15"Z £"0
az" o L6°T . TE" 9E~Z T1°0 850 SODO°T  €6L9°T Z'0
€10 -B6 "0 91" 21°1 5070 6Z°0 SO00°T  GEB'O 1°0
nm_.u_u..lwll :|w.mmu.| —(HGVERT  TiHoYaNy ) - — TueTinrog jo J,.vmmﬂﬂlﬁ.v.l
"o %poer EMN %ptez i xgtez femowstrz (SmN) . (G A31aean  cTeb o1 xed pPIoY oTINIINg
BT LIOUmN B TNy ﬂ._..ﬁDEE M._“...__.DE_._.._.._& 2 1uounmy 2T Loy U._um...qﬂm.m.“m BTOR - GLINITINS JO ..wO.—u_..._.m_n...m
vaby*sieo © enby-sqr enby eren enby “sqp  -siwh *egry XQQT Spunog IUDDT 3G

— e rirm— ey —

EGhHDJDm JAQLOW IO SNOTTYD 00T
oL Hfmudbﬂbﬂm TYITWERD 40 MHAFEmbﬂ

B0°86 ummﬂazwumﬂ=umauz

QHU# UHMDMHJM

=20=



E“f6T B 4T COB9TEPL 90°55T PEL1" 1 06T Qa7

AR &) BB LET © BST&RET G 9P T g1e1* 1T G 64T Q6T
270LT P YT 09" LTT 2LCETT 14 ZAR 6 89T 0" &1
6191 LTTTLT TLT6TT 1Z°621 BRIT T PB4l SRR
G161 EC~ 09T 767111 08" 071 601" 1 18T - 591
B8 Ovl B 2 S -3 G 2T ¥01 C6PTZIT 0zZO1°TU - BTLET 0*S5T1
PoOfT L1°8ET £9°96 D 40T LPEDTT 6°LZT T0tET
£-07T StoL¥T . ET°68 _ © 1Z796 biB0" 1 D811 ¢ T
€011 L8911 €19 ' zZ' 88 Z080°T - zeg01 Bzl
T F00T r -1 S Ch L £€108B 16401 1586 2011
SL 06 T1°96 ZZ*L9 - GETL T990"1 L6889 9931
ST°18 ¥6 " SB 01" 09 . LBT¥9 T650°T T G§TBL 0*6
69" 1L 68 6L LO°ES © HZULS ZZS0" T 6T 0L 08
527L9 96°59 £1°9% 6L 6¥ £5%0° 1 90" 19 0L
S07ES 37" 95 6Z “6E 15 GRED"T 00"ES Q"9
06 EF 05 of z26'CE 01" Gk LIE0'T S0°t¥ 0's
68" PE 96" oL =1 T 4 06" LE 05201 ZT°vE -
00*9¢ $&TLE . 9TT6T 6L 0T $ETOT 0§°SE o°g
g2 LT g¢ " 81 921, . LLTET . - ATIR°T 68" 91 (4
578 90°6 . pEr9- Tt BTS00 1SDO'T 6E°8 0T
89°L ¥1°8 . B9 T T AN 52001 TS84 &*0
zg"9 €21 g o - A $200'1 giL"9g g°0
B86'S £E"9 4084 BL'F 520071 ££8°5 L0
Z1°% v s 6L°E "B0'¥ STO0T aXi s 9°Q
Le'w Sy 91" € T#°€ 62007 T SET ¥ S0
OV '€ 19°¢€ . 242 zL 2 G000° T _9S8E"¢ ¥*0
A=t LLDLTE E8°T ¥O"E S300° 1 LISE €0
0L 1 ag't - .. 9€°1 9¢"T 000" T 8191 z°0
58”0 0670 £9%0 E2°0 00071 6870 1°)
T Fooeoy . BEETER . TaoTangog 30 Toshin
ATRLUOQIET ﬁmouwmﬁﬁ : amig , fHORN) fyTavan  “irb Q07 d g1y ouihITms
WATITED ysy TpOS {pareTpiH} ppog oljsnep o13Toads  ETOV OTIRIIAS 30 UOTIMING
sqT =T payels "SqI | ‘s - #AINT spunod FUSDIY

. |
- NOTIFIOS DIaIoY 40 Sneales 00T m -
Ol LEIIVAINDE INSTHAHD 40 ALILENND - :
80°ge 4BTaM TETMOSTON .
_ﬂcmwmu
QgIPY STIndIns

""zl"'"



: g
| . -
Ii. PRODUCT ADVANTAGES OF USING ANHYDROUS AMMONIA FOR ACID
' NEUTRALIZATTION L ' .

L, Ammonia {itself) a@dds no additional salls to the solution.
Seme commonly used neutralizers create golid precipizates
and siudges which, in turn, must be handled as bulk waste,
The uss of contract disposal ¢rews and eguipment 13 eXpen=
sive and inconvenient in a great many instances. Also, the.
use of highly skilled process control personnel to a¢complish
disposal or neutralization of waste acids is usually cestly
and disrupts operations. . o

B. Ammonia may be used for other processes in the plant:

l. Whiteprinting . . )

2.  Heat Treating Atmospheres o s
4. Source Gas for Ng, Ho and Forming Gas.

. General Purpose pH Céntrel - S

5, GChemical Processing o

"3, Ammonia is clean:

1. No spilled material from broken bags or léﬁky drums.
2. No eluttered storage area. '

D. 2Ammonia provides fast neutralization. S8ince an ammonia
system is essentially ona of a liquid oF vapor entering
aligpid, the reaction timeils less than the . system in which
a2 =olid is introduced into the ligquid. Faster reactlon time

makes more accurabexcontrol_pussible wlith less waste.

¥,  DISADVANTAGES OF USING ANHYDROUS AMMONIA FOR ACID NEUTRALIZATION

1.. In some cases neutralization costs can be high for prosesses
with large quantities of waste acids.

2. Addition of nitrogenous suhstances to sanitation systems or
bodies of waber are being restricted in some areas. Ammonia
nitrogen and nitrates facilitate algae growbh. :

3. Some armmonium salts formed as neutralization by-products are
reactives ; ’ :

L. Anhydrous ammonia inereases the ¢hlorine demand of the
effluent. : .

Wnen discussing a proposed anhydrous ammonia neutralization system

with a regulatory agency, make gvailable any tachnical information

that is requested. It is better toget amy problems resclved befere
the system is installed. _

L
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L3, NEUTRﬁLIZATIGN OF MIXED ACIDS WITH ANHYDROUS AMMONIA

Tn gituations where more than ons acid 1s present in the effluent, -
the smount of base necessary for neutrallzation can be determined.
experimentally, If factlitles are not available ‘at the plant, an-
outside lab can easily make this determination. ' .

XIT. TYPICAL WEUTRALIZATION REACTIONS USING ANHYDROUS AMMONIA

b

Heutralization of an acid occurs when it 1s combined with a base,
An acid destroys the basic propertiss of e base and vice versa,
The neutralization reaction usually results in the formation of
a salt, ’

. An example of the reaction of anhydrous ammonia neutralization
of sulfuric d¢id is shown below: v

(Ammonia) . " (Sulfuric Acid) - (Ammonium Sulfate)

A féw:typical reactions af_émmania with agueous acid solutions
ape ihdicated below to demopstrate the reaction product cbtalned
in acid neutralization with'anhydreus ammonia. o '

Ammonia + Water ' HH3+ Hy0__ 5 NH,0H {Ammoniim Hydroxide )

Ammonia + Phosphoric Acid  2NHg + HyPO_——3(NH, ) HOP, (Diemmoniuny
' : : ' - : osphate

jmmonia + Hydrochloric Acid NHy + HOl——> N, C1 {Ammonium Chlorids)

Armonia + Sulfurie Aeid EHHB:+.HESD£--9{HH#}2304 {%mmoniu? o
Lo : wlfate '

Ammonia will react with certain metallic salts in agqueous solutions
to produce precipitates of metallic hydroxides as shown below:

L0 + Fe3Q, + 2NH, —— {HH#]ES% + F.e{cm:}2

¥TIT. EQUTPMENT FOR AGID NEUTRALIZATION

Equipment requirements for acid neutralization with ammonia can
vary from a very $imple manual system to a more complex, fully
automatic electronic system. If neutralization is done on a
sateh basis, a manual system with a portable pH meter should be

- odequate if propér records are kept. The design of a neutrali-
zation sSystem should be approved by all copcarned regulatory
apencies, '

+23—



Complete informatlon about automated systems tailored to a
specific requirement 1s avallable from the following instru-
mentation manulacturers; :

Analytical Measurements Honeywell, Ine.

490 Morris Avenus 1100 Virginia Drive
Summit, N, dJ. f Ft. Washingtoen, Pa. 19034
Foxbore Company : Leeds & Northrup

220 Keponmet Avenue 4001 Stenton Avenue
Foxboro, Mass, 02035 Philadelphia 44, Pa.

Mr, W. A. Lang
Fischer & Porter Co.
100 Warminster Avenue
Warminster, Pa. 13974

This is not intended to be a complete listing of instrumentation

manufacturers. “

The following type of control systems ¢an be used for acid -
neutralization: : ' . :

4, Pacungtic System - Control valve actuated by air pressure.

1T an air line is not availsble, eylinders of compressed air )
may be used. Control range plus or minus one pH unit.

On-Qff System - Control valve actuated by electricity.
Control range plus or minus one pH unit.

Time Proportioning Syatem - fontro)l valve actuated h?'
elechrie timer. Lonbrol range plus or minus one pH unit,

Position Proporticning System - Position of control valve
3&3% actuated by electrigity. Control range plus or minus
Q.2%. '

Rl
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LIV.

Figure I shows a basis system layout for an a¢id neutralization
system using anhydrous ammonis ¢ylinders, Figure IT shows a
basic acid neutralization system using bulk anhydrous ammonia,
Ecch system should be designed to fit the requirements of a
specific situation, The Sparger design is dependeént upon the
size and shape of the nsutralization pit. It is generally
desirable to locate the pH electrode near the neutralization
pit outiet.

L

STSTEM ADVANTAGES OF USING ANHYDROUS AMMONIA FOR ACID
NEUTRALIZATION

A. Ammonia- systems are simple, Since ammonis is stored under
pressure, no transfer esquipment is necegsary and no external :
agitatinn is required in the neutraliziag pit.. :

E. Ammonia systens are reliable. With its own "built inm

-1 pressure- gystem, no outside power spurce i= required to
operate transfer pumps, ete. High reliability is the
reault of gystem slmpllclty and minimum manpower require-
.ment for the systemTs. operation.

C. Ammonia systems are inexgensive;
1. Minimum equipment requirement.
2, Minimum handling and labor requirement;

3. Minimm maintenance due to reducsd ¢orresion of plplng,
cnntrols, etc.

%s Minimum space requirement for total system,
D; Ammonia systems are flexible. Equipment layouts can bhe

simple and inexpensive flor manmal cperation, or completely
- antomatic electronic systems can be installed,

LIQUID ANHYDROUS AMMONIA VS. ?APUR ANHYDROUS AMMONIA FOR ACID.
NAUTHALIZATTON

Acid neutralilzation systems that require the addition of large
quantities of anhydrous ammonia over a short period of fime will
usc liquid anhydrous ammonia, The factor that limits the usage
of vazoor anhydrous ammonia for this situation is the rate of
vaporization of liquid ammonia. As anhydrous ammonia liquid
vaparizes at its surface, it is cooled due to the faet that

-27-
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evaporation ig a cooling proc¢esa. If one attempts to draw
arn excessively large amount of vapor from an gnhydrous ammonia -
container, the temperature of the anhydrous ammonis liguid &and
consequently the prassure of the vapor will be reduced to the
point where essentially no more vapar will be transferred from
the container, ' - '

It is easier and less expensive (from an equipment viewpoint )

to meter vapor anhydrous ammonis than it iz %o meter ligquid
anhydrous emmonia. ' : .

-28-
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APPENDTX

PHYSICAL PROPERTIES OF ANHYDROUS AMMONTA

Under conditions of ordinary pressure and temperature, ammonia

is a stzble, pungent colorless gas.

When compressed and cooled, -

ammonia ccndenses to a mobile colorless liquid about £0% as dense

ds water.

Malecular Symbol

Meleeular Weight

Boiling Point at 1 Atmosphere
Meiting Point gt 1 Atmosphers
Critical Temperature

Critical Pressure

. Rel. dEnEitgFﬂf vapor compared to dry

Au2

Amg

- Explesive Limits in Oxygen,

air at 32°F and 1 gtmosphere,
Vapor density at -28YF (-37,35°C)

1 Atmosphers o
Spec. Grav, of Ligquid at -33.35°C as compared

to water at 4OC '
Liquid density at =28°F and 1 Atmosphere
Specific Volume of Vapor at 320F (09C)

and 1 Atmosphere :
Explosive limits in Air, % by Volume
% by Volume
Teaition Temperature {JIron Bomb
Tgnition Temperature {Quartz Bomb}
Specifie Heak, Cp {1 atm, A09F)

Cv (1 atm, 600F)

Light Sensicivity
Appearance
Qdar _
Heat of Fusion at -75°C :
Heat of Vaporization {1 atm at -28°F) .
Viscosity =28°F {1igquid)
Viscosiny 329F [vapor} .

CHEMECAL PROPERTIES '

Common metals ave not affected by dry ammonia,

NH

lzéggzt 33,3590)
Z107,95F (3%, 79¢)
271L.L0F :

1657 psia -

 «5963

L05555 1b/cu.fte
L6819 '

42,57 1b/en.fs.

20,78 cu.ft./1b,
Tgo25d /

L2=79

12045 Eﬁﬁlﬂﬂg-.
15620F (850°C) -
<52 Btu/lb/OF
&0 Btu/Ih/OF
Nene

Colorless
Pucgent

i08#,: cal/g
389,37 Btu/lb

W26 oD

00026 cp

Moist amﬁmnia

will not corrode iron or steel, but will reacht rapidly with copper,
brass, zine, and many alloys, especially thaose containing copper.
Only ironb or steel should be used for ammonia containers, fittings,
and piping, except that fabricated equipment made of certain none
farrous alleys may be used,

CHEMICAL REACTIONS

Ammonisg 18 & hiphly reactive chemical forming ammoniun salta In
reactions with inorganic and organic aecids; amides in reaction
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esterz, acid anhydrides, acyl halides, carbon dioxide, or suifonyl
chlorides; amines in reactions with halogen compounds or oXYESI -
containing compounds such &s poly-hydric phenols, alcchols, aldehydss
and aliphatic ring oxides. ' - _

PHYSTOLOGICAL EFFECTS OF AMMONIA

1. Ammonia vapor is not poisonous, but due to its high solubi-
lity in water, it does have a very Irritating action on_the
mucous membrane of the eyes, nose, throat and lungs., Fortu-
nately, since its sharp pungent odor serves as a warning :
signal, very mall concentrations of ammonia in alr are
readily deteected. Prolonged’exposurs to air containing : .
100 ppm of ammonia is fot- harmful, but breathing air containing -
from 5,000 to 10,000 ppm of ammonia may cause sudden deathk from

spasm or inflammation of the larynx, Conpentrations exteeding .

;700 ppm of ammenia vapor will cause irritation of the eyes and

. permanent injury mey result if immediate remedisl measures are . -

not taken. Ammonia?s-high solubllity in water causes it 1o
jrrivate any skin surface where molsture has accumulated.

2. The tabulation below shows the physiclogical response to
various concentrations of ammonda.

PHYSTOLOGICAL EFFECTS OF AMMONIA
__ {Henderson end Haggard}

Part of ﬂmmunia par Million-
Parts of Air (bv Volume)

Least detectable odor B o 53 .

Maximum concentration allowable _
for prolonged exposure D 100
Maximum concentration allowable
for short exposure (1/2 teo'l hour) - 300-500
Least zmount causing immediate ifrritation 1
1o the throat . L0
Least amount causing immediate '
irritation to the eyes 698
Least amount causing coughing 1,720
Langevsus for even short exposure
1/2 Hour) . 2,500 = 4,500
Rapidly fatal for short exposure 5,000, - 10,000

-

%, Since liguid ammonia vaporizes readily and has a great
affinity for water, it may cause severe injury to the skin
hy freezing the tissus and subjecting it to caustic &action,
The sympton of such & burn is practically the samé as those
of a thermal burn. S '
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GENERAT, REFERENCE MATERTIAL

L

Waste Acid Froblems? Pamphlet #101 .
Armouyr Industrial Nitrogen Division

Msasurement and Control of pi and'Gnnductivify = Bulletin PIB=i
Honeywell ' '

The Industrial pH Handbook -
Beckman Instruments

Measurement and Kutomatie Contrel of pH
Honeywell

Note: Booklets3 and 4 are identical except for the title
and the cover,

Principles and Applicaticns of . Industrial pH Measrement -
Beckman Inatrumenta

nH Gcntrol in *ndustrial Waste’ Treatment -
Beelman Instruments’

The Measurement and Automatic Control of pH =

Leeds and Northrup Ca. - Technical Publication EN=G6(1)
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EQUIVALENT ACID -NEUTRALIZING CAPACITY

ANHYDROUS -AMMONTIA . 1

AQUA AMMONIA, AMMONIUM HYDROXIDE 3. 40

CAUSTIC BODA, 50% LIQUID R S TS

CAUSTIC SODA, DRY FLAKE, BEAD, ETC. 2.35
SODA ASH - | DY

BURNT LIME, 95% o 1.77

LIMESTGNE, 90% C 31.28
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