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Mac-Cormack method  3-63   
mach number, definition of  10-9   
Maclaurin’s series  3-32   
magnesium  2-17  2-58  2-152  2-164  2-190  
magnesium acetate  2-17   
magnesium ammonium chloride  2-17   
magnesium ammonium phosphate  2-17   
magnesium ammonium sulfate  2-17   
magnesium benzoate  2-17   
magnesium carbonate  2-17   
magnesium chloride  2-17  2-58  2-101  2-122  2-152  2-164  
  2-190  2-202   
magnesium hydroxide  2-17   
magnesium nitride  2-17   
magnesium oxide  2-17   
magnesium perchlorate  2-17   
magnesium peroxide  2-18   
magnesium phosphate  2-18   
magnesium potassium chloride  2-18   
magnesium potassium sulfate  2-18   
magnesium silicofluoride  2-18   
magnesium sodium chloride  2-18   
magnesium sulfate  2-18   
magnets:   

C-frame  19-45   
drum  19-42   
flux density  19-40   
force  19-42   
grate type  19-42   
intensity of  19-40   
lifting  19-42   
plate  19-42   
pulley  19-42   
solenoid  19-45   
superconducting  19-47   
susceptibility  19-41   

magnetic separation  19-40   
equipment for  19-42   
principles of  19-40   

magnetic separator  19-42   
applications of  19-48   
drum magnets  19-42  19-43   

alternating polarity  19-43   
unigap  19-43   

dynamic devices  19-47   
grate type  19-42   
high-gradient (HGMS)  19-48   
induced pole  19-44   
induced roll  19-43   
lifting magnets  19-42   
magnetic hump  19-42   
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magnetic separator (Cont.)   
open gradient (OGMS)  19-48   
plate magnets  19-42   
pulley magnets  19-42   
wet drum  19-43   

magnetic susceptibility of minerals and   
 elements  19-41   

magnetization  19-41   
curves  19-41   

maldistribution  6-32   
maleic acid  2-40   
maleic anhydride  2-40  2-70   
malic acid  2-40   
malonic acid  2-40   
maltose  2-40   
mandelic acid  2-40   
manganese  2-18  2-58  2-152  2-165  2-190  
manganese acetate  2-18   
manganese carbonate  2-18   
manganese chloride  2-18  2-58  2-152  2-165  2-191  2-202  
manganese hydroxide  2-18   
manganese nitrate  2-18   
manganese oxide  2-18   
manganese sulfate  2-18   
manifolds:   

discharge  6-32   
return  6-32   

mannitol  2-40   
mannose  2-40   
manometers:   

open or differential  10-11   
tubes size for  10-12   

manufacturing-cost estimation  9-54   
budgetary control:   

actual costs  9-60   
standard costs  9-59   
variances  9-60   

contribution analysis  9-61   
costs:   

annual  9-54   
direct   9-57   
indirect   9-57   

general considerations  9-55   
one main product  9-55   
product pricing:   

cost basis  9-58   
rapid estimates  9-57   
recycled heat energy:   

value of  9-62   
two main products  9-56   
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margaric acid  2-40   
Margules equation  4-22  13-18   
Martin’s diameter  20-8   
mass transfer:   

in adsorption  16-18   
coefficients  16-20   
limits  16-26  16-28   
particle diffusion  16-19  16-23   
pore diffusion  16-19  16-23   
rates  16-21   
resistances, combining  16-22   

Chilton-Coulburn analogy   5-58 5-79   
continuity equational material balance  5-46   
correlations  5-58  5-60   

tables  5-59   
diffusivity:   

estimation in gases  5-48   
estimation in liquids  5-50   
fluids in porous solids  5-54   
interdiffusion coefficient  5-46   
mass  5-46   
mutual  5-46   
self  5-46   
trace  5-46   

flux expressions:   
Fick’s first law  5-42 5-47   
Stefan-Maxwell equations  5-47   

interphase:   
concentrated systems  5-56   
dilute systems  5-54   
effective area of  5-74  5-78   
height equivalent to one transfer unit    

 (HTU)  5-57   
number of transfer units (NTU)  5-57   

nomenclature and units  5-43   
separation of supercritical fluids  22-17   

mass transfer coefficients  5-46  23-39  23-43  23-51  23-46  
definition  5-57   
factors influencing  5-61  5-64  5-66  5-69  5-71  5-74  

masurium  2-18   
materials of construction  28-3   

hard  20-11   
hardness of  20-11   
mechanical properties  28-45   
selection of:   

corrosion resistance.   
 See corrosion; specific material   
economics  28-28   
in high temperatures  28-8  28-50  28-56  28-62  28-64  
in low temperatures  28-50   
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materials of construction (Cont.)   
soft   20-11   
standards and specifications  28-28   

material-to-void ratio  20-33   
mathematical constants, miscellaneous  3-8   
mathematical symbols  1-24   
matrix:   

algebra  3-46   
addition and subtraction  3-47   
adjugate matrix of  3-47   
equality of  3-47   
inverse of  3-47   
multiplication  3-47   
transposition  3-47   
vectors  3-48   

calculat ions  3-47   
computations  3-48   

Gauss elimination  3-49   
Lu factorization  3-48   

maximum mixedness  23-16  23-21   
McCabe-Thiele method  13-27  13-97   
mean temperature difference  11-4   
mean value  9-23   
measured-survival function (MSF)  9-31   
example of  9-32   
measures  1-19   

U.S. Customary  1-19   
mechanical impulse  10-22   
mechanical power transmission  29-54   

bearings  29-54   
magnetic  29-57   
oil-film  29-55   
rolling-element  29-56   

mellitic acid  2-40   
membrane separation processes  22-37   

electrodialysis  22-42   
gas-separation  22-61   
general  22-37   
microfiltration  22-57   
nanofiltration  22-48   
pervaporation  22-67   
reverse osmosis  22-48   
ultrafiltration  22-52   

mensuration formulas  3-10   
irregular areas and volumes  3-12   
planar geometric figures  3-10   
solid geometric figures  3-11   

menthol  2-40  2-70  2-89  2-111  2-184  2-254  
mercapto benzothiazole  2-40   
mercaptothiazoline  2-40   
mercuric acetate  2-18   
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mercuric bromide  2-18   
mercuric carbonate  2-18  2-19   
mercuric chloride  2-18  2-58  2-152  2-165  2-191  2-202  
mercuric cyanide  2-40   
mercuric fulminate  2-18  2-40   
mercuric hydroxide  2-18   
mercuric oxide  2-18   
mercuric oxychloride  2-18   
mercuric silicofluoride  2-18   
mercuric sulfate  2-18   
mercurous acetate  2-18   
mercurous bromide  2-18   
mercurous chloride  2-19   
mercurous iodide  2-19   
mercurous nitrate  2-19   
mercurous oxide  2-19   
mercurous sulfate  2-19   
mercury  2-19  2-58  2-93  2-152  2-165  2-191  2-250 
MERSHQ equations  13-53   
mesh  19-18   
mesitylene  2-40   
mesityl oxide  2-40   
metals and alloys:   

corrosion resistance  28-28   
high alloys  28-35   
in high-temperature construction  28-50  28-56  28-62  28-64  

aluminum   28-56   
castable monolithic refractories  28-62  28-64   
ceramic-fiber insulation linings  28-62   
chrome bricks  28-58   
chromium in  28-50  28-56   
creep in   28-50   
high-alumina bricks  28-57   
internal insulation  28-57   
magnesite bricks  28-58   
refractories  28-57  28-62  28-64   
refractory brick  28-57  28-63   
silica bricks  28-57   
silicon in   28-56   
stress rupture in   28-50   

in low-temperature construction  28-50   
aluminum   28-50   
copper and alloys  28-50   
nickel steel  28-50   
stainless steel  28-50   

medium alloys  28-35   
properties  28-28   

mechanical properties  28-45   
melting temperatures  28-35   
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metanilic acid  2-40   
methane  2-40  2-50  2-70  2-127  2-135  2-144  

  2-251  2-253   
methanol, synthesis  23-13   
methoxy-methoxyethanol  2-41   
methyl acetate  2-41  2-52   
methyl acrylic acid  2-41   
methylal  2-41   
methyl alcohol  2-41  2-51   
methylamine  2-41  2-52   
methylamine hydrochloride  2-41   
methylaniline  2-41  2-53   
methyl anthranilate  2-41   
methyl anthraquinone  2-41   
methyl athracene  2-41   
methyl benzylaniline  2-41   
methyl benzoate  2-41  2-52   
methyl bromide  2-41  2-70   
methyl butyrate  2-41  2-52   
methyl caprate  2-41  2-70   
methyl caproate  2-41  2-70   
methyl caprylate  2-41  2-70   
methyl cellosolve  2-41   
methyl chloride  2-41  2-70   
methyl chloroacetate  2-41  2-70   
methyl chloroformate  2-41   
methyl cinnamate  2-41  2-70   
methyl cyclohexane  2-41  2-70   
methylene-bis-(phenyl-4-isocyanate)  2-41   
methylene bromide  2-41   
methylene chloride  2-41   
methylene dianiline  2-41   
methylene iodide  2-41   
methyl ethyl carbonate  2-41   
methyl ethyl ketone  2-41  2-52   
methyl ethyl oxalate  2-41   
methyl formate  2-41  2-52  2-71   
methyl furoate  2-41   
methyl glucamine  2-45   
methyl glycolate  2-41   
methyl heptoate  2-41   
methyl hypochlorite  2-41   
methyl iodide  2-41  2-71   
methyl lactate  2-41   
methyl laurate  2-41  2-71   
methyl mercaptan  2-41  2-53   
methyl methacrylate  2-41   
methyl myristate  2-41   
methyl naphthalene  2-41   
methyl nitrate  2-41   
methyl nitrite  2-41   
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methyl nonyl ketone  2-41   
methyl oleate  2-41   
methyl orange  2-41   
methyl palmitate  2-41   
methyl phosphine  2-41   
methyl propionate  2-41  2-52   
methyl propyl ketone  2-41  2-71   
methyl salicylate  2-41   
methyl stearate  2-41   
methyl toluate  2-41   
methyl toluidine  2-41   
methyl valerate  2-41   
methyl vinyl ketone  2-41   
Michaelis-Menten kinetics  24-21   
Michler’s hydrol  2-41   
Michler’s ketone  2-41   
microfiltration  22-57   
micromanometers  10-13   
micronizer  20-47   
Mikro pulverizer  20-41   
mills:   

air-swept  20-32   
Andritz-Sprout-Bauer attrition  20-45   
annular gap  20-36   
APV Gaulin colloid  20-46   
ball  20-31   
batch  20-32   
bowl  20-45   
Bradley pneumatic Hercules  20-45   
Buhrstone  20-45   
cage  20-29   
capacity  20-34   
Charlotte  20-46   
circuit   20-15  20-18   
continuous  20-32   
disk attrition  20-45   
efficiencies  20-34   
entoleter impact   20-42   
feeders  20-34   
fine impact   20-42   
Fitz  20-42   
hammer  20-41   
grate-discharge  20-34   
horizontal tube  20-37   
jet   20-47   
Majac  20-47   
Marcy Ball  20-35   
Morehouse  20-46   
novel media  20-39   
pebble  20-31   
pin  20-42   
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mills (Cont.):   
premier  20-46   
Pulvert   20-39   
Raymond VR  20-45   
ring-roller  20-43   
rock-pebble  20-31   
selection of  20-34   
simulation of  20-18   
speed  20-32   
stirred media  20-35   
tumbling  20-31   
turbo  20-42   
vertical vibratory  20-37   
vibratory  20-37   
wear  20-11   

mixer:   
batch  18-25   

change-lan  18-25   
double-arm kneading  18-26   
helical blade  18-26   
intensive  18-27   
roll mills  18-28   

cleaning  19-14   
continuous  18-29   

Farrel continuous  18-30   
Holo -flite processor  18-31   
Kenics static  18-32   
Kneadermaster  18-32   
motionless  18-32   
Porcupine processor  18-31   
pug mills  18-32   
Rietz extractor  18-30   
single-screw  18-29   
Sulzer static  18-32   
trough-and-screw  18-30   
twin-screw extractor  18-30   

double cone  19-13   
figures of  19-13   
flexibility of  19-16   
heating and cooling  18-34   
horizontal drum   19-13   
impact   19-14   
Muller  19-13  19-14   
performance characteristics of  19-14   
power for  19-14  19-15   
ribbon  19-12   
scale-up of  18-32   
shell and internal device rotate  19-14   
single rotor  19-14   
solid-solid  19-12   
stationary shell (trough)  19-12   
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mixer (Cont.):   
tumbler  19-13   
turbine  19-13  19-14   
twin rotor  19-13  19-14   
twin shell  19-13   
types of  19-12   
vacuum  19-16   

pressure  19-16   
vertical screw  19-12   
wear of  19-16   

mixer-settler:   
definition of  18-19   
flow or line mixer  18-19   
liquid-liquid extraction  18-19   
mixing in agitated vessels  18-19   

mixing  19-10   
charging in   19-14   
classification of  18-5   
continuous  19-16   
cooling  19-16   
dust formation in  19-14   
electrostatic charge  19-16   
equipment for  18-8  19-12   

axial-flow impellers  18-8   
baffled tanks  18-10   
close-clearance impellers  18-8   
close-clearance stirrers  18-9   
radial-flow impellers  18-9   
small tanks  18-8   
unbaffled tanks  18-9   
See also mixers   

fluid behavior  18-10   
fluid motion and process performance  18-11   
laminar flow  18-12   
turbulent flow  18-11   

heating  19-16   
impact   19-14   
liquid adding in  19-16   
mechanisms of  19-12   
of paste and viscous-material  18-25   
pilot tests  19-16   
product contamination  19-16   
solid-solid  19-10   

objectives of  19-10   
properties affecting  19-10   
segregation problems  19-11   
uniforming of  19-11   

technology of  18-5   
time  19-14   
uniformity of  19-14   

mixing cell calorimetry (MCC)  26-50   
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model predictive control (MPC)   8-25   
basic features, MPC  8-25   
on-line optimization  8-25  8-27   
standard quadratic programming  8-26   
step-response  8-26   

modulus of elasticity  10-107   
Mohs scale  20-11   
moisture content:   

critical  12-33   
equilibrium  12-34   
of granulation  20-75   

moisture measurement:   
absolute-moisture methods  8-51   
capacitance methods  8-52   
dew-point methods  8-51   
oxide sensors  8-52   
photometric moisture analysts  8-52   
piezoelectric methods  8-52   
relative-humidity methods  8-51   

molybdenum   2-19  2-58  2-152  2-165  2-191  
molybdenum chloride  2-19   
molybdenum oxide  2-19  2-58  2-152  2-191  
molybdenum sulfide  2-19   
molybdic acid  2-19   
momentum transfer  10-22   
Monte Carlo method  9-26   
Monte Carlo simulation  3-60   
morphine  2-41   
motor control:   

centralized control  29-11   
contactor type  29-10   
direct -current motor control  29-13   
multispeed alternating current  29-13   
protection  29-11   

differential  29-12   
ground-fault   29-13   
locked-rotor  29-12   
motor  29-11   
overload  29-11   
phase-current balance  29-12   
reverse-phase  29-12   
short -circuit   29-12   
surge  29-13   
undervoltage  29-12   

reduced-voltage starting  29-13   
secondary control of wound-rotor motors  29-13   
starters  29-10   

types of  29-10   
switch gear  29-10   
synchronous motor starters  29-13   
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motor enclosures  29-9   
fire, explosion hazards  29-10   
open, dripproof  29-9   
totally enclosed  29-9   
weather-protected  29-9   

motors  29-4   
adjustable-speed drives  29-9   

adjustable-frequency alternating current  29-9   
electromagnetic  29-9   
mechanical  29-9   
RectiFlow  29-9   

alternating current motor, constant speed  29-4   
alternating current squirrel-cage    

induction motors    29-4      
braking, regeneration  29-6   
braking time  29-6   
control  29-5   
direct -current field excitation  29-7   
formulas  29-4   
power-factor correction  29-6  
synchronous alternating current motors  29-6   
synchronous speed  29-4   

alternating current, multispeed  29-7   
four-speed, two-winding squirrel-cage  29-7   
pole-amplitude-modulated induction   

 motors  29-7   
single-winding consequent-pole motors  29-7   
two-winding motors  29-7   

alternating current, wound-rotor   
 induction  29-7   

characteristics  29-8   
control of  29-8   
efficiency  29-7   
saturable reactors  29-8   
thyristors  29-8   

direct current motors  29-8   
compound-wound DC  29-9   
series  29-8   

electric  29-4   
mucic acid  2-41   
multinomial distribution  3-72   
multiple regression  3-84   
Murphree plate efficiency  13-34   
mustard gas  2-42   
mutations  24-6   
myricyl alcohol  2-42   
myristic acid  2-42   
myristyl alcohol  2-42   
   
   
   



 
 
 

INDEX     I -89 
 
           Index Terms Links  

 This page has been reformatted by knovel to provide easier navigation. 

nanofiltration  22-48   
naphthalene  2-42  2-51  2-71  2-176  
naphthalene disulfonic acid  2-42   
naphthalene sulfonic acid  2-42   
naphthasultam  2-42   
naphthasultam disulfonate  2-42   
naphthoic acid  2-42  2-71   
naphthol  2-42  2-71   
naphthol sulfonic acid  2-42   
naphthyl acetate  2-42   
naphthyl amine  2-42  2-71   
naphthyl amine hydrochloride  2-42   
naphthyl amine sulfonic acid  2-42   
naphthyl isocyanate  2-42   
Nasselt equation  5-13   

for condensate films  5-20   
for nucleate-boiling  5-22   

natural-draft towers  12-20   
natural gas:   

compressibility  27-12   
liquefied  27-12   

neodymium  2-19   
neon  2-19  2-53  2-59  2-144  2-152  2-165  2-256 
neptunium  2-19   
Nernst -Haskell equation  5-53   
Newtonian  10-5   
Newtonian fluid  6-4   
Newton-Raphson procedure  3-50  3-51   
Newton’s law  6-51   
NFPA Standard System for Identification    

 of Hazards  26-12  26-13   
nickel  2-19  2-59  2-152  2-165  2-191  
nickel acetate  2-19   
nickel ammonium chloride  2-19   
nickel ammonium sulfate  2-19   
nickel and alloys as construction material  28-35   

properties of  28-42   
nickel bromate  2-19   
nickel bromide  2-19   
nickel bromoplatinate  2-19   
nickel carbonate  2-19   
nickel carbonyl  2-19  2-59   
nickel chloride  2-19  2-59  2-101  2-122  2-152  
  2-191  2-202   
nickel chloride, ammonia  2-19   
nickel cyanide  2-19   
nickel dimethylglyoxime  2-19   
nickel formate  2-19   
nickel hydroxide  2-19   
nickel nitrate, ammonia  2-19   
nickel oxide  2-19   
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nickel potassium cyanide  2-19   
nickel sulfate  2-19   
nicotinic acid  2-42   
nicotine  2-42  2-71   
nitric acid  2-20  2-84  2-102  2-184  
nitroacetanilide  2-42   
nitroacetophenone  2-42   
nitro acid sulfite  2-20   
nitroaminoanisole  2-42   
nitroaminophenol  2-42   
nitroaniline  2-42  2-71  2-176   
nitroanisole  2-42   
nitroanthraquinone  2-42   
nitroanthraquinone sulfonic acid  2-42   
nitrobenzalchloride  2-42   
nitrobenzaldehyde  2-42  2-71   
nitrobenzene  2-42  2-71   
nitrobenzidine  2-42   
nitrobenzoic acid  2-42   
nitrobenzyl alcohol  2-42   
nitrobenzyl bromide  2-42   
nitrochlorotoluene  2-42   
nitrocresol  2-42   
nitrocymene  2-42   
nitrodimethylaniline  2-42   
nitrodiphenyl  2-42   
nitrodiphenylamine  2-42   
nitrogen  2-20  2-53  2-59  2-127  2-135  2-145  
  2-152  2-165  2-191  2-257  
nitrogen oxide:   

as a pollutant  27-26   
tetra-  2-20   
tri-  2-20   

nitrogen oxide, di-  2-20  2-59  2-152  2-191  
nitrogen oxide, mono-  2-20  2-54  2-59  2-152  2-165  2-191  2-259 
nitrogen oxide, penta -  2-20  2-59  2-152  2-191  
nitrogen oxybromide  2-20   
nitrogen oxychloride  2-20   
nitroguanidine  2-42   
nitron  2-43   
nitronaphthalene  2-43   
nitrophenol  2-43  2-71   
Nitrophenol sulfonic acid  2-43   
nitrophthalic acid  2-43   
nitrosodimethylaniline  2-43   
nitrosonaphthol  2-43   
nitrotoluene  2-43  2-72   
nitrotoluene sulfonic acid  2-42   
nitrotoluidine  2-43   
nitroxyl chloride  2-20   
noise control  8-74   
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nomographs:   
preliminary calculation  21-25   

design factor  21-27   
preliminary design  21-22   

nonadecane  2-43  2-50   
nonane  2-43  2-50  2-72   
nonene  2-50   
nonnewtonian fluids  6-4  6-19  6-27  6-40  6-51  6-53  

heat transfer in   5-19   
normal distribution  3-72   
NRTL equation  4-22  4-23  13-18   
number:   

cavitation  6-44  6-49   
Dean  6-19  6-49   
Deborah  6-5  6-49   
Hatta  23-42   
mach  6-22  6-23  6-49   
Peclet   23-16  23-55   
power  6-34  6-50   
pumping  6-35   
Reynolds  6-6  6-9  6-19  6-31  6-37  6-46  
  6-50  6-53   
Strouhal  6-41  6-48  6-50   
Weber  6-50   

number of transfer units (NTU):   
in adsorption and ion exchange  16-7  16-34   
in liquid-liquid extraction  15-19   

numerical analysis and approximate   
 methods  3-49   

Fast Fourier transform  3-64   
interpolation of finite difference  3-51   
linear equations  3-50   
Monte Carlo simulations  3-60   
nonlinear equations  3-50   
numerical differentiation  3-53   
numerical integration  3-53   
numerical solution of integral equations  3-60   
numerical solution of ODEs:   

boundary value problems  3-57   
luitial value problems  3-54   

numerical solution of PDEs  3-61   
spline functions  3-67   

numerical approximations to some   
 expressions  3-49   

Nusselt number  3-89   
Nyquist critical frequency  3-64   
   
octadecane  2-43  2-50   
octane  2-43  2-50  2-72   
octene  2-50   
octyl acetate  2-43   
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octyl alcohol  2-43   
octylene  2-43   
octyne  2-50   
oleic acid  2-43   
optimization  3-65   

conditions for  3-66   
constrained optimization  8-30   
formulation objective function  8-30   
multivariable optimization  8-30   

indirect methods  8-30   
Nelder-Meade method  8-30   
Powell’s method  8-30   

real-time process  8-27   
reduced gradient algorithm (GRC)  8-31   
single-variable optimization  8-30   

interpolation  8-30   
region elimination  8-30   

square curve-fitting  8-29   
steady -state  8-27   
strategies of  3-67   
techniques  8-28   
unconstrained optimization  8-30   

orcinol  2-43   
ordinary differential equations  3-35   

first order  3-35   
higher orders  3-36   
nonhomogeneous  3-37   

orifice meters  8-48   
annular  10-17   
quadrant-edge  10-16   
segmental and eccentric  10-17   
square-edged  10-15   

orifices  6-21  6-27  18-19   
orthogonal collocation  3-59   
osmium   2-20   
osmium chloride  2-20   
osmosis, reverse  22-48   
oxalic acid  2-43   
oxygen  2-20  2-53  2-59  2-127  2-145  2-152  

  2-165  2-191  2-262   
ozone  2-20  2-59  2-128  2-152  2-191  
   
package handling:   

conveyors  21-68   
system of  21-67   

package storage:   
storage racks  21-71   
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packaging:   
agency and administrative law of  21-41   
coding  21-62   
cost of containers  21-37   
ecology concerns  21-36   
labeling  21-62   
liquid packaging:   

containers  21-44   
safety regulation  21-46   
seals and closures  21-45   
weighing  21-45   

metric system  21-42   
operations of  21-51   

bag fillers, packers  21-55   
performance data  21-52   
sealing, wrapping, loading  21-58   
weighing  21-51  21-54  21-55   

package testing  21-44   
regulation of  21-36   
solid packaging:   

boxes  21-50   
containers  21-50   
liners  21-50   
multiwall paper bags  21-46   

types of  21-59   
packed columns  14-38   

distillation applications  14-52   
end effects  14-50   
flooding  14-41   
hydraulics  14-40   
interfacial area  14-51   
liquid distribution  14-48   
liquid holdup  14-46   
loading  14-41   
maldistribution  14-50   
mass transfer  14-52   
packed vs. plate columns  14-39   
pressure drop  14-42   
support plates  14-46   

packed tower design  14-8   
HETP data, use of 14-10   
mass-transfer-rate expression  14-8   
operating curve  14-8   
stripping equations  14-9   
transfer units  14-9   

paddles  18-9   
palladium  2-20   
palladium bromide  2-20   
palladium chloride  2-20   
palladium cyanide  2-20   
palladium hydride  2-20   
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palladous dichlorodiamine  2-20   
palmitic acid  2-43  2-72  2-177   
Pappus theorem  3-12   
paramagnetic  19-40   
parametric pumping  16-54   
partial derivative  3-25   
partial differential equation  3-38   

first order  3-38   
higher orders  3-38   

partial condenser, definition of  11-35   
particle:   

fracture  20-10   
permeametry  20-10   
sampling  20-7   
size of:   

average  20-6   
distribution  20-5   
measurement  20-7   

surface area  20-9   
particle size:   

analysis  20-5   
distribution  20-5   
enlargement  20-56   
equations  20-5   

Gates-Gaudin-Schumann  20-5   
Gaudin-Meloy  20-5   
Rosin-Rammler-Bennett  20-5   

measurement  20-7   
reduction  20-10   

particle size distribution  20-5   
particle size measurement  20-7   

centrifugal sedimentation  20-8   
dynamic  20-10   
electrical sensing zone  20-9   
elutriation  20-9   
field scanning methods  20-9   
gravitational sedimentation  20-7   
light blockage methods  20-9   
light diffraction  20-9   
light scattering methods  20-9   
microscope methods  20-8   
on-line procedures  20-10   
permeametry  20-10   
photon correlation spectroscopy  20-9   
sedimentation balance  20-8   
sieving methods  20-9   

dry sieving  20-9   
wet sieving  20-9   

static  20-10   
stream-scanning methods  20-8   
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particle size reduction  20-10   
abrasion index  20-12   
attainable size and energy required  20-13   
ball-mill  20-11   
bond law  20-13   
energy laws  20-13   
milling problems  20-11   
mill wear  20-11   
properties of solids  20-10   
safety  20-12   

particular solutions  3-36   
particulate emissions, source control of  25-46   
partition ratio   16-5  16-30   
payback period (PBP)  9-10  9-19   
payment  9-13   

annual  9-13   
capitalized  9-13   

example of  9-13   
peat   27-7   
pellet coolers and dryers  12-75   
pendular state  20-60   
Peng-Robinson (PR) equation  4-21  13-17   
pentachloroethane  2-43  2-72   
pentyne  2-50   
pentadecane  2-43  2-50   
pentaerythritol  2-43   
pentandiol  2-43   
pentane  2-43  2-50  2-72   
pentene  2-50  2-72   
perchloric acid  2-20   
percolators:   

batch  18-55   
continuous  18-55   
endless-belt   18-56   

perfect fluid  10-5   
perforated-pipe distributors  6-32   
periodic acid  2-20   
perlargonic acid  2-43  2-72   
permanganic acid  2-20   
permeability  6-39   
permolybdic acid  2-20   
persulfuric acid  2-20   
perturbation method  3-37  3-50   
pervaporation  22-67   
Petlyuk tower  13-5   
petroleum:   

chemical and physical properties  27-9   
commercial  27-10   
liquid fuel  27-8   
safety  27-11   
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pressure:   
dynamic  10-5   
stagnation  10-5   
static  10-6   
total  10-5   

pressure coefficient  10-45   
phase change, heat transfer in  5-20   

boiling (vaporization) of liquids  5-22   
mechanisms  5-22   

condensation  5-20   
coefficients  5-20   
mechanisms  5-20   

phase diagrams:   
multicomponent systems  15-7   
right-triangular diagram  15-6   
ternary-phase equilibrium  15-6  15-8   
tie lines  15-16   

phase dispersion  14-62   
gas-in-liquid  14-69   

axial dispersion  14-80   
bubble and foam formation  14-70   
characteristics of dispersion  14-72   
mass transfer  14-79   
methods of gas dispersion  14-73   

liquid-in-gas  14-62   
atomizers  14-63  14-66   
droplet breakup   14-62   
droplet distribution  14-63   
drop size  14-63   
drop size distribution  14-68   
entrainment  14-66   
fog condensation  14-67   
pressure drop and nozzle size  14-64   

phase equilibrium  13-10   
binary systems  13-10   

table  13-11   
liquid-liquid  15-6   

phase rule:   
application  4-25   
degrees of freedom  4-23   

phase separation  14-81   
gas-phase continuous system  14-81   

collection design  14-82   
collection equipment  14-83   
collection of fine mists  14-93   
collection mechanism s  14-82   
electrostatic precipitators  14-94   
gas sampling  14-81   
particle-size analysis  14-82   
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phase separation (Cont.)   
liquid-phase continuous system  14-95   

defoaming techniques  14-97   
foam control  14-98   
foam prevention  14-98   
types of dispersions  14-95   
unstable systems  14-95   

phenacetin   2-43   
phenanthrene  2-43   
phenetidine  2-43  2-72   
phenetole  2-43   
phenol  2-43  2-51  2-72  2-177  
phenolphthalein  2-43   
phenolsulfonic acid  2-43   
phenyl acetaldehyde  2-43   
phenyl acetic acid  2-43  2-72   
phenylacetylene  2-43   
phenyl aniline  2-43   
phenylene-diamine  2-44   
phenylethyl alcohol  2-43   
phenylglycine  2-43   
phenylhydrazine  2-43  2-72   
phenyl hydrazine sulfonic acid  2-43   
phenyl isocyanate  2-43   
phenyl methylpyrazolone  2-43   
phenylmustard oil  2-43   
phenyl naphthalene  2-43   
phenyl naphthylamine  2-43   
phenyl phenol  2-43   
phenyl propyl alcohol  2-43   
phenyl quinoline  2-43   
phenyl salicylate, salol  2-43   
phenyl stearate  2-43   
phenyl urethane  2-43   
phonoglucinol  2-44   
phonone  2-44  2-72   
phosgene  2-44  2-72   
phospharic acid  2-20   
phosphatomolybdic acid  2-20   
phosphine  2-20  2-59   
phosphonium chloride  2-20  2-59   
phosphoric acid  2-21   
phosphorous  2-21  2-59  2-165  2-191  
phosphorous chloride  2-21  2-59  2-165  2-192  
phosphorous oxide  2-21  2-59  2-192   
phosphorous oxychloride  2-21   
phosphotungstic acid  2-21   
photosynthesis  24-5   
phthalic acid  2-44   
phthalic anhydride  2-44  2-72   
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phthalic nitrile  2-44   
phthalide  2-44  2-72   
phthalimide  2-44   
physical-chemical treatment  25-76   

adsorption  25-76   
chemical oxidation  25-77   
ion exchange  25-77   
membrane processes  25-77   

physical constants  1-22   
physical properties:   

organic compounds  2-28   
prediction and correlation  2-337   

density  2-355   
diffusivity  2-370   
enthalpy of vaporization and fusion  2-349   
flammability properties  2-374   
ideal gas thermal properties  2-347   
pure component constants  2-340   
solid and liquid heat capacity  2-351   
surface tension  2-372   
vapor and liquid thermal conductivity  2-367   
vapor pressure  2-345   
viscosity  2-361   

pure substances  2-7   
picoline  2-44  2-72   
picramic acid  2-44   
picric acid  2-44   
Piezometer opening:   

definition of  10-6   
dimensions  10-7   
piezometer ring  10-7   
specifications for  10-6   

pinacol  2-44   
pinacoline  2-44   
pinene  2-44  2-72   
pinene hydrochloride  2-44   
pinol  2-44   
pipe:   

asbestos cement  10-70  10-96   
bends and fittings.  See also fittings  10-83   
borosilicate glass  10-70   
cement-lined steel  10-98   
chemical-porcelain  10-99   

cast-iron flanges  10-99   
chemical ware  10-98   
concrete  10-98   
dope  10-71   
flanged end  10-75   
fused silica  10-100   
glass  10-99   
glass-lined steel  10-99   
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pipe (Cont.)   
gravity sewer  10-97   
impregnated graphite  10-70  10-97   
joint in. See joint   
metals:   

alloy steels  10-68   
aluminum   10-68  10-93   
carbon steel  10-68  10-70   
copper  10-68  10-93   
irons  10-68  10-90  10-93   
nickel  10-68  10-95   
stainless steels  10-68  10-70   
tantalum   10-70   
titanium  10-70  10-95   
zirconium   10-70  10-96   

nonmetals:   
reinforced thermosetting resins  10-70   
thermoplastics  10-70   

plastic  10-100   
plastic-lined  10-100   
properties of steel pipe  10-72  10-74   
rubber-lined  10-100   
rubber-lined steel  10-100   
subaqueous  10-98   
support   10-124   
vitrified clay sewer  12-98   
welded  10-70   
wood  10-100   
wood-lined steel  10-100   

piperidine  2-44  2-73   
piperidine carboxylic acid  2-44   
piping:   

assembly  10-126   
bends and fittings in  10-83   
code for process-plant  10-67   

government regulations  10-67   
national standards  10-67   
pressure-piping code  10-67   

costs of  10-133  10-134   
design of  10-102   

dynamic effects  10-103   
erection  10-126   
fabrication  10-126   
forces of  10-133   
heat tracing of  10-133   
scope of  10-69   
selection of material in   10-68   

metals  10-68   
nonmetals  10-70   

testing  10-107   
vibration  10-133   
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pitometer  10-7   
pitot tubes  10-8   

angle of attack  10-9   
mach number  10-9   
pulsating flow on  10-9   

pitot-venturi  10-7   
Pitzer’s corresponding states correlation  4-16   
plane analytic geometry:   

asymptotes  3-16   
conic sections  3-17   
coordinate systems  3-16   
graphs of polar equations  3-18   
parametric equations  3-18   
straight line  3-16   

plant model preparation  30-13   
plant performance, analysis  30-4   

initial constraints  30-24   
spreadsheet solutions  30-24   

interpretation  30-30   
introduction  30-4   

overview  30-4   
personnel barriers  30-8   
technical barriers  30-8   

measurements  30-23   
preparation  30-10   

analyst   30-10   
guidelines  30-17   
laboratory  30-16   
plant  30-14   
plant model  30-13   

reconciliation  30-25   
rectification  30-29   

plastic as a construction material  28-43  28-47  28-49   
acetals  28-44   
acrylonitrile butadiene styrene  28-43   
cellulose acetate butyrate  28-44   
chlorotrifluoroethylene (Kel-F, Plaskon)  28-43   
corrosion resistance of  28-49   
perfluoroalkoxy  28-43   
polyamides and polyimides  28-44   
polycarbonate  28-44   
polyethylene  28-43   
polyphenylene oxide  28-44   
polyphenylene sulfide  28-44   
polypropylene  28-44   
polysulfone  28-44   
polyvinyl chlorides (Saran)  28-43   
polyvinylidene fluorine  28-43   
properties of  28-51   
tetrafluoroethylene (Teflon)  28-43   
thermosetting  28-44  28-47   
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plastic pipe  10-100   
polyethylene  10-101   
polypropylene  10-101   
polyvinyl chloride  10-101   
reinforced-thermosetting-resin   10-101   

plate columns  14-24   
column capacity  14-25   

download flooding  14-29   
entrainment  14-28   
entrainment flooding  14-26   
weeping  14-29   

phase inversion  14-34   
plate efficiency  14-34   
plate layouts  14-29   
plate types  14-24   
pressure drop  14-30   

downcomer loss  14-33   
hydraulic gradient  14-33   

plate efficiency  14-34   
plate tower design  14-11   

algebraic methods  14-11   
graphical procedure  14-11   
stripping equations  14-11   
tray efficiencies  14-12   

platinum  2-21  2-59  2-165  2-192  
platinum chloride  2-21   
platinum cyanide  2-21   
plug flow reactor  23-17   
Poisson probability distribution  3-71   

Poisson process  3-71   
polarity, relative  13-80   
pollut ant:   

combustion  27-26   
gaseous  25-22   
particulate  25-23   

pollution prevention:   
assessment procedures  25-16   
barriers and incentives to  25-18   
at the domestic and office levels  25-20   
economic considerations associated with  25-19   
ethical considerations  25-21   
hierarchy  25-14   
life-cycle analysis  25-15   
multimedia analysis  25-15   

polyethylene  10-101   
polymerization  23-35   

types  23-36   
polypropylene  10-101   
polyvinyl chloride  10-101   
popular variance  3-70   
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porcelain and stoneware as construction   
 material  28-38   

properties of  28-62   
pore diffusion in adsorbent particles  16-19   
porous media  6-39   
positive-displacement pumps  10-31   

diaphragm pumps  10-33   
pneumatically actuated  10-33   

fluid-displacement pumps  10-35   
gear  10-34   
metering  10-33   
piston pumps  10-32   

duplex double-acting  10-32   
simplex double-acting  10-32   

plunger pump  10-32   
power pump  10-33   
proportioning  10-33   
reciprocating pumps  10-32   

diaphragm  10-32   
multicylinder  10-32   
piston  10-33   
plunger  10-32   
single-cylinder  10-32   

rotary  10-34   
exterior-bearing type  10-34   
interior-bearing type  10-34   

screw  10-34   
potassium  2-21  2-59  2-166  2-192  2-264  
potassium acetate  2-21   
potassium aluminate  2-21   
potassium amide  2-21   
potassium arsenate  2-21   
potassium auricyanide  2-21   
potassium aurocyanide  2-21   
potassium bicarbonate  2-21   
potassium bisulfate  2-21   
potassium bromate  2-21   
potassium bromide  2-21   
potassium carbonate  2-21   
potassium chlorate  2-21   
potassium chloride  2-21  2-59  2-104  2-123  

  2-166  2-185  2-192  2-202  
potassium chloroplatinate  2-21   
potassium chromate  2-21   
potassium cyanate  2-21   
potassium cyanide  2-21   
potassium dichromate  2-21   
potassium ferricyanide  2-21   
potassium ferrocyanide  2-21   
potassium formate  2-21   
potassium hydride  2-21   
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potassium hydrosulfide  2-21   
potassium hydroxide  2-21   
potassium iodate  2-21   
potassium iodide  2-21  2-59  2-192  2-202  

tri-  2-22   
potassium iodoplatinate  2-22   
potassium manganate  2-22   
potassium metabisulfate  2-22   
potassium nitrate  2-22   
potassium nitrite  2-22   
potassium oxalate  2-22   
potassium oxide  2-22   
potassium perchlorate  2-22   
potassium permanganate  2-22   
potassium persulfate  2-22   
potassium phosphate  2-22   
potassium phthalate  2-22   
potassium platinocyanide  2-22   
potassium silicate  2-22   
potassium sulfate  2-22   
potassium sulfide  2-22   
potassium sulfite  2-22   
potassium tartrate  2-22   
potassium thiocyanate  2-22   
potassium thiosulfate  2-22   
powder compaction:   

compact density  20-71   
compaction cycles  20-72   
compact strength  20-71   
controlling  20-73   
Hiestand tableting indices  20-72   
mechanisms of  20-71   
powder feeding  20-73   
transmission of force  20-71   

powder mechanics  20-58   
measurements  20-70   

yield locus  20-70   
powders:   

cohesive  20-6   
free-flowing  20-6   
sampling  20-6   
See also particles   

power law fluid  6-13  6-19  6-40   
power recovery from liquid streams  29-46   

design considerations  29-48   
economics of  29-46   
electrical generation  29-54   
fluid volumes  29-50   
hydraulic behavior  29-47   

efficiency  29-47   
installation features  29-49   
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power recovery from liquid streams (Cont.)   
integral units  29-54   
operating behavior  29-47   

performance  29-48   
overcapacity  29-53   
principles of  29-46   
process controls  29-50   
speed of  29-53   
startup  29-53   
vaporizing fluids  29-50   

power transmission:   
with speed change  29-60   
without speed change  29-57   

flexible couplings  29-59   
synchro-self-shifting clutches  29-58   
variable-speed elect ric motor drives  29-57   
variable-speed mechanical drives  29-57   
variable-speed turbo coupling  29-58   

power transmission equipment  29-61   
lubricant  29-61   

grease  29-61   
oil  29-62   

Poynting factor  4-26   
Prandtl number  3-89   
praseodymium   2-22   
precipitation, biochemical separation  22-73   
precipitators  17-51   

alternating current  17-59   
application  17-53   
charging particles  17-52   
conditioning agents  17-55   
current flow  17-52   
electrical  17-51   
electric wind  17-52   
field strength  17-51   
particle mobility  17-52   
potential and ionization  17-51   
power supply  17-58   
rapping  17-57   
resistivity  17-55   
single-stage  17-56   
two-stage  17-58   

present value  9-13   
presses:   

belt  18-126   
disk  18-126   
roll  18-126   
screw  18-126   
tube  18-127   
variable-volume filter  18-126   
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pressure compaction processes:   
piston and molding presses  20-81   
roll presses  20-82   
tableting presses  20-81   

pressure drop:   
in condenser  11-11   
packed column  14-42   
plate column  14-30   

pressure measurement  8-47   
elastic-element methods  8-47   

bellows element  8-47   
Bourdon-tube elements  8-47   
diaphragm elements  8-48   

electrical methods  8-48   
piezoelectric transducers  8-48   
piezoresistive transducers  8-48   
strain gauges  8-48   

liquid-column method  8-47   
pressure tap:   

corner taps  10-15   
flange taps  10-15   
pipe taps  10-15   
radius taps  10-15   
vena-contracta taps  10-15   
See also piezometer opening   

pressure vessels:   
ASME Code  10-144   
brittle fracture  10-148   
care of  10-151   
ceramic  10-150   
Code administration  10-144   
corrosion in   10-151   
cost of  10-151   
design and construction  10-149   
graphite  10-150   
lined  10-150   
metal fatigue  10-148   
plastic  10-150   
unusual construction of  10-149   
vacuum in  10-151   
weight  10-151   

pretreatment  25-63   
equalization  25-63   
grease and oil removal  25-63   
neutralization  25-63   
toxic substances  25-64   

prilling  20-81   
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primary treatment  25-63   
chemical precipitation  25-64   
gravity sedimentation  25-63   
grit chambers  25-63   
screens  25-63   

probability density  3-69   
process analyzers  8-52   

sampling system  8-52   
sample conditioning  8-53   
sample transport   8-53   
sample withdrawal  8-52   
sampling point  8-52   

process control:   
language  8-59   
plant safety  8-81   

automation  8-81   
safety interlock system  8-82   

process dynamics:   
closed loop  8-4   
dead-time element  8-9   
distance/velocity lag  8-9   
first -order lag  8-8   
higher-order lags  8-9   
mathematical model  8-5   

continuous model  8-7   
empirical model  8-5   
linear model  8-6   
nonlinear model  8-6   
physical model  8-5   
simulation  8-6   

multiinput, multioutput system  8-10   
open loop  8-4   
pulse-testing  8-10   
pseudo random binary system (PRBS)  8-10   
responses  8-5  8-8   
second-order element  8-8   

process economics, nomenclature and   
 units  9-3   

process engineering, intelligent systems in   3-91   
process hazard analysis (PHA)  26-9   
process heating equipment  27-47   
processing cost, annual  9-58   
process measurements:   

calibration  8-45   
general considerations  8-43   
selection criteria  8-44   

process safety  26-1   
damage estimation  26-17   
definition of  26-4   
discharge rates from punctured lines   

 and vessels  26-84   
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process safety (Cont.)   
effluent collection and handling  26-31   
flame arresters  26-38   
hazard analysis  26-8   
hazardous materials and conditions  26-43   

combustion  26-51   
explosions  26-53   
gas dispersion  26-78   
measures of toxicity  26-44   
reactive chemicals  26-49   
static electricity  26-70   
storage  26-44   
vacuum  26-73   

plant design  26-5   
pressure relief systems  26-26   
project review process  26-21   
risk analysis  26-11   

process simulation  3-90   
process valves  8-77   

batch  8-77   
check valve  8-78   
gate valve  8-78   
isolation  8-77   
on/off applications  8-77   
pressure relief valves  8-78   
relief valve  8-78   

profit:   
gross annual  9-6   
net annual  9-6   

profitability  9-5   
progressions  3-9  3-13   
progressive freezing  22-4   
propane  2-44  2-50  2-73  2-135  2-266  

cracking  23-13   
property changes of mixing  4-11  4-12   
propionic acid  2-44  2-52   
propionic aldehyde  2-44  2-73   
propionic anhydride  2-44   
propinquity effect   18-53   
propyl acetate  2-44  2-52   
propyl alcohol  2-44  2-51  2-73  2-115  2-185  
propyl amine  2-44  2-52   
propyl aniline  2-44   
propyl benzoate  2-44  2-73   
propyl bromide  2-44  2-73   
propyl chloride  2-44  2-73   
propylene  2-44  2-50  2-73  2-128  2-267  
propylene bromide  2-44   
propylene chloride  2-44   
propylene chlorohydrin   2-44   
propylene glycol  2-44  2-73   
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propylene oxide  2-44  2-73   
propyl formate  2-44  2-52   
propyl furoate  2-44   
propyl i-butyrate  2-44  2-73   
propyl lactate  2-44   
propyl mercaptan  2-53   
propyl n-butyrate  2-44  2-73   
propyl propionate  2-44   
propyl thiocyanate  2-44   
propyl valerate  2-44   
proteins  24-4   
protocatechuic acid  2-44   
pseudolayering  20-86   
pseudoparameters  4-16   
psychometric charts  12-4   

examples illustrating use  12-4   
psychrometric charts  12-4   
pulegol  2-45   
pulegone  2-45   
pulsations  6-44   
pulverizers  27-29   

Aero  20-42   
Atrita  20-41   
Blue Streak dual screen  20-41   
Imp  20-41   
jet   20-47   
Majac jet   20-47   
MBF  20-45   
Mikro-ACM  20-43   
Mikro pulverizer  20-41   
Turbo  20-42   

Pulvocron  20-43   
pump-down time  6-15   
pumping:   

equipment for. See pumps and    
compressors   

of gases  10-37   
of liquids  10-21   
speed  6-15   
work performance in   10-23   

pumps  18-20   
canned-motor  10-29   
capacity of  10-22   
casings  10-24   
cavitation in   10-23   
centrifugal.  See centrifugal pumps  10-24   
classification of  10-21   
close-coupled  10-29   
common standards  10-21   
definition of  10-20   
diagnostics  10-37  10-38   
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pumps (Cont.)   
diaphragm  10-33   
diffusion  10-58   
efficiency  10-23   
electromagnetic  10-35   
fluid displacement  10-35   
gear  10-34   
head  10-22   
jet   10-35   

ejectors  10-35   
injectors  10-35   

material of construction  10-24   
metering  10-33   
multistage centrifugal  10-29   
piston  10-32   
plunger  10-32   
positive displacement  10-31   
power  10-33   
power input   10-23   
power output  10-23   
process  10-28   
propellor and turbine  10-29   

axial-flow  10-29   
regenerative  10-31   
turbine  10-31   

proportioning  10-33   
ranges of operation, coverage chart   10-24   
reciprocating  10-32   
rotary  10-34   
sealing in   10-28   
selection of  10-23   
screw  10-34   
solids in  10-24   
specifications  10-37  10-40   
suction limitation of  10-23   
sump  10-29   
vertical  10-29   
vibration in   10-36   
vibration monitoring in  10-36   

alert level  10-36   
See positive displacement pumps   

pure-species parameters  4-21   
pyrazole  2-45   
pyrazoline  2-45   
pyrazolone  2-45   
pyrene  2-45   
pyridazine  2-45   
pyridine  2-45  2-53   
pyrocatechol  2-45   
pyrogallol  2-45   
pyrometallurgical processes  23-60   
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pyrone  2-45   
pyrrole  2-45   
pyrrolidine  2-45   
pyrroline  2-45   
pyruvic acid  2-45   
   
Q-line equation  13-29   
quadratic equations  3-14   
quantitative risk analysis (QRA)  26-9  26-11   
quartic equations  3-14   
quenching:   

dry  20-79   
wet  20-79   

quench tank  26-33   
sizing and design  26-36   

Quercitrin   2-45   
quinaldine  2-45   
quinoline  2-45  2-73   
quinone  2-45   
   
R-acid  2-45   
radiation:   

density gauges measurement  8-50   
emissivities of combustion products  5-32   

flames  5-35   
gas emissivity/adsorptivity (example)  5-34   
mean beam lengths  5-23   
particle clouds  5-36   

exchange, gases  5-36   
area  5-37   
enclosure by refractory walls  5-39   
example  5-36   
in furnace (example)  5-41   
thermal performance  5-41   

exchange, solid surfaces  5-25   
absorbance  5-25   
area (example)  5-27  5-29   
black surface enclosures  5-27  5-29   
emissivities  5-25  5-28   
emittance  5-25   
in furnace chamber (example)  5-31   
nonblack surface enclosures  5-29   
specific surfaces  5-26  5-28   
view factor (example)  5-27 5-29   

nomenclature  5-23   
radiation  5-23   

thermal  5-23  5-24   
blackbody   5-24   
Wein equation  5-25   
Wein’s displacement law  5-24   
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radium  2-22   
radium bromide  2-22   
radon  2-22  2-59  2-166   
raffinose  2-45   
ragging  19-30   
random variables  3-69   
Raoult’s law  4-26  13-55   

rate constants  7-8   
rate of reaction  7-5   

rate equations, chemical reaction:   
analysis of three simultaneous reactions  7-10   

Arrhenius equations  7-5   
catalysis by solids  7-11   

adsorption rate controlling  7-13   
Langmuir-Hinshelwood mechanism  7-11   
surface reaction controlling  7-12   

chain polymerization  7-11   
chemical equilibrium  7-13   
complex rate equations  7-8   
concentration expression  7-5   
continuously stirred tank reactor (CSTR)  7-4   
derivation of  7-8   

differential equation  7-8   
integrated equation  7-8   

derivation of half-times  7-8   
diffusion between phases  7-11   
enzyme kinetic  7-10   
isothermal rate equations  7-14   

integrals  7-14   
Laplace transform  7-15   
law of mass action  7-4  7-5   

linear analysis of catalytic    
 rate equations  7-9   

mass transfer resist ance  7-4   
mole fraction expression  7-5   
multiple reactions  7-8   
partial pressure expression  7-5   
plots  7-6   
plug flow reactor (PFR)   7-4   
rates of change at constant pressure  7-7   
rates of change at constant volume  7-7   
solid-catalyzed reactions  7-4  7-11   

Stoichiometric balances  7-10   
typical units of specific rates  7-7   

rate of reaction  23-29   
with diffusional resistances  23-52   

rate of return  9-8   
discounted-cash-flow rate of return   

 (DCFRR)  9-14   
Rayleigh distillation  13-96   
reaction coordinate  4-31   
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reaction reactors:   
autocatalytic reaction with recycle  7-32   
batch reaction with heat transform  7-29   
batch reactor  7-15   

concentration profile  7-16   
daily yield  7-16   
energy balance  7-15  7-17   
filling and emptying periods  7-16   
material balance  7-15  7-17   
optimum operation of reversible     

reaction  7-16       
types of flow reactors  7-16   

CSTR reactor  7-15  7-17   
comparison to batch  7-17  7-31   
material and energy balance  7-19   

dispersion  7-25   
heat effects  7-21   

batch reactions  7-21   
CSTR reactions  7-22   
packed bed reaction  7-22   
plug flow reactions  7-22   

heat transfer in a cylindrical reactor  7-33   
instantaneous and gradual feed rates  7-31   
laminar flow  7-23   
minimum residence time in PFR  7-32   
multiple steady states  7-23   
optimum conditions  7-25   
optimum cycle period with downtime  7-24   
plug flow reactor (PFR)   7-15  7-19   

frictional pressure drop  7-19   
material and energy balance  7-20   
true contact time  7-21   

pressure drop, conversion in PFR  7-33   
recycle and separation modes  7-20   

reactor size with recycle  7-20   
segregated flow  7-25   
semibatch  7-30   
unsteady conditions  7-22   

semibatch process  7-23   
reactions:   

carbothermic  23-58   
catalytic organic  23-28   
exothermic catalytic  23-31   
gas/liquid  23-39   
gas/liquid/solid  23-52   
homogeneous  23-37   
liquid/liquid  23-50   
noncatalytic gas phase  23-34   
solid  23-55   

   
   



 
 
 

INDEX     I -113 
 
           Index Terms Links  

 This page has been reformatted by knovel to provide easier navigation. 

reaction time  7-7   
derivation of  7-8   
residence time  7-7   
space velocity  7-7   

reactive distillation.  See also distillation  13-81   
reactive system screening tool (RSST)  26-50   
reactors:   

bubble  23-49   
efficiency  23-15   
entrainment  23-38   
falling film   23-50   
flooded fixed bed  23-53   
multitubular  23-37   
slurry  23-38   
with solid catalysts  23-27   
for solids  23-59   
transpose  23-38   
tubular  23-49   

reactotherm  12-71   
real-number system  3-8   

absolute value  3-8   
indeterminants  3-8   
inequalities  3-8   
integral exponents  3-8   
logarithms  3-9   
order  3-8   
properties  3-8   
roots  3-9   

reboiler:   
definition of  11-35   
kettle  11-13   
thermal design of  11-13   
Thermosiphon reboiler  11-13   

rectifying section  13-4   
recuperators  27-53   
recycled heat energy, value of  9-62   
Redlich/Kwong equation  4-21   

alternative form  4-21   
reduced T and P   4-16   
refractive-index measurement  8-50   
refrigerants:   

definition of  11-93   
secondary  11-94   

salt brines  11-94   
refrigerants’ thermodynamic properties  2-269  2-317   
refrigeration:   

absorption systems  11-88   
Brines  11-94   
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refrigeration (Cont.)   
equipment for  11-79   

centrifugal compressors  11-83   
compressors  11-79   
condensers  11-83   
evaporators  11-84   
positive-displacement compressors  11-80   

vapor-compression system  11-77   
cycles of  11-77   
multistage systems  11-78   

regeneration  16-5  16-48  27-52   
in adsorption  16-48  16-60   

pressure swing adsorption (PSA)  16-49   
purge/concentration swing adsorption  16-51   
with steam  16-55   
temperature swing adsorption (TSA)  16-48   

in ion exchange  16-52  16-64   
backwash  16-52   
countercurrent  16-64   
loading  16-52   
rinse  16-52   

thermal  16-32   
regime:   

coating  20-65   
inertial  20-65   
noninertial  20-65   

regulators  8-79   
oven-pressure protection  8-81   
pilot-operated  8-81   
self-operated  8-80   
throttling process  8-80   

relative volatility  13-10  13-27   
required relief rate  26-29   
residence time  23-7  23-16  23-53   
residence time distribution  6-11  23-15  23-19   
residue curve maps (RCM)  13-56   
Resorcinol  2-45  2-73   
retene  2-45   
reverse osmosis  22-48   
Reynolds number  3-89  10-45   

for annulus  10-17   
condensate film   5-20   
equation  10-5   
impeller  18-10   
shell side  11-9   

Reynolds stress  6-45   
rhamnose  2-45   
rhenium  2-22   
rheology  6-4   
rhodium  2-22   
rhodium chloride  2-22   
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ribbon theory  20-27   
ricinoleic acid  2-45   
ring dryers  12-80   
risk  9-23   

analysis:   
example of  9-28   

numerical measures of  9-30   
example of  9-30   

Robbins chart   13-79   
table  13-56   

roll crushers:   
capacity of  20-27   
corrugated  20-27   
smooth  20-27   
toothed  20-27   

roll press  20-28   
Romberg’s method  3-54   
rosaniline  2-45   
Rosin-Rammler-Bennett  20-5   
rosolic acid  2-45   
rotameter  8-48   
rubber as a construction material  28-47  28-49   

butyl  28-47  28-49   
chloroprene  28-47   
chlorosulfonated polyethylene (Hypalon)  28-49   
cis-polybutadiene  28-49   
cis-polyisoprene  28-49   
ethylene-propene  28-49   
fluoroelastomers  28-49   
hard  28-47   
natural  28-47   
nitrile  28-47   
polyvinyl chloride elastomer (koroseal)  28-49   
properties of  28-58   
silicone  28-49   
styrene  28-47   

rubidium  2-22  2-59  2-166  2-192  2-299  
Runge-Kutta-Feldberg formulas  3-55   
Runge-Kutta methods  3-55   
runner  20-45   
ruthenium  2-22   
   
saccharin   2-45   
safrole  2-45  2-73   
salicylic acid  2-45  2-73   
salicylic aldehyde  2-45   
saligenin  2-45   
saltation  6-30   
samarium  2-22   
sample mean  3-70   
sample standard deviation  3-70   



 
 
 
I -116 
 
             Index Terms  Links  

 This page has been reformatted by knovel for easier navigation. 

sampler:   
cross-belt   19-8   
rotary  19-7   
rotary-table  19-8   
traversing  19-7   

sampling  19-4   
cross-stream  19-6   
dry  19-4  19-9   
equipment for  19-7   

cost of  19-9   
cross-belt sampler  19-8   
rotary sampler  19-7   
rotary-table sampler  19-8   
traversing sampler  19-7   

error variance in  19-5   
gravity  19-6   
mechanical  19-6   
for moisture analysis  19-6   
process of  19-4   
for size analysis  19-5   
slurry  19-4  19-9   
solids  19-3   
theory of  19-5   

saturated volume  12-3   
saturation temperature  12-3   
scaling.  See fouling   
scandium  2-22   
Schaeffer’s salt   2-45   
screening  19-18   

capacity  19-23   
definitions of  19-18   
efficiency  19-23   
equipment for  19-19   
feeding  19-23   
noise  19-23   
operations  19-22   
probability  19-22   
safety  19-23   
surface  19-18  19-22   

screens:   
aperture  19-18   
capacity  19-23   
efficiency  19-23   
grizzly:   

flat   19-20   
stationary  19-20   
vibrating  19-20   

gyratory  19-21   
gyratory riddles  19-22   
mechanical shaking  19-20   
mesh  19-18   
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screens (Cont.):   
open area of  19-18   
oscillating  19-21   
reciprocating  19-21   
revolving  19-20   
selection of  19-22   
sieve  19-18   
surface  19-22   

bar screens  19-22   
punched plates  19-22   
silk bolting cloth  19-22   
woven-wire cloth  19-22   

vibrated:   
electrically   19-21   
mechanically   19-20   

scrubbers  17-32   
condensation scrubbing  17-35   
contacting parer correlation  17-33   
cut-power correlation  17-35   
cyclone  17-37  17-39   
dry scrubbing  17-39   
Ejector-Venturi  17-37   
electrically augmented  17-39   
entrainment separation  17-35   
fiber-bed  17-38  17-40   
impingement plate  17-38   
mechanical  17-38   
mobile-bed  17-36  17-39   
packed-bed  17-36   
particulate scrubbers  17-32   
performance  17-33   

curve  17-34   
models  17-33   

spray  17-37   
self-induced  17-37   

types  17-33   
seals:   

external  10-63   
face  10-58   
fixed seal rings  10-61   
floating seal rings  10-61   
internal  10-63   
labyrinth  10-59  10-60   

Elgi leakage formula  10-61   
material used  10-64   
mechanical face  10-62   

arrangement  10-62   
environment  10-62   
equipment for  10-62   
face combinations  10-63   
gland plate  10-63   
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seals:  mechanical face (Cont.)   
main body   10-63   
product  10-62   
secondary packing  10-62   
selection of  10-62   

noncontacting  10-58  10-59   
packing  10-61   

application of  10-61   
lubricant in   10-62   
seal cage  10-62   

ring  10-61   
throttle bushings  10-64   

secondary treatment  25-65   
activated sludge  25-69   
biological treatment systems, design of  25-66   
fixed film reactor systems  25-74   
fluidized beds, biological  25-75   
lagoons  25-72   
reactor concepts  25-67   

sedimentation:   
balance  20-8   
centrifugal  18-106  20-8   
drive assemblies in  18-68   

feedwell  18-69   
overall flow arrangements  18-69   
rake-lifting mechanisms  10-68   
rake mechanism  18-69   
underflow arrangements  18-69   

flocculation  18-63   
by gravity  18-60   

classification of settleable solids  18-60   
components and accessories  18-67   
continuous countercurrent decantation.   

 See decantation   
design of unit   18-73   
test of  18-60   
See also thickness and clarifiers   

other gravitational methods  20-7  20-8   
hydrometer method  20-7   
photosedimentation methods  20-8   
pipet method  20-7   
x-ray sedimentation methods  20-8   

torque requirement  18-63   
segregated flow  23-21  23-16   
selenic acid  2-22   
selenium  2-22  2-59  2-166  2-192  
selenous acid  2-23   
semicarbazide  2-45   
semicarbazide hydrochloride  2-45   
sensitivity analysis  9-19   

example of  9-20   
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sensors:   
hall effect   8-52   
sludge bed level  18-71   

separation:   
dense-media  19-36   
electrostatic  19-50   
magnetic  19-40   
of solid-liquid  18-60   

selection of separators  18-131   
superconducting magnetic  19-47   
thermoadhesive  19-18   

separation factor  16-14   
separation process:   

biochemical  22-69   
final purification  22-75   
general  22-69   
initial product harvest   22-71   
initial purification  22-73   

crystallization, from the melt:   
bulk liquid  22-6   
falling-film   22-10   
progressive freezing  22-4   
zone melting  22-5   

membrane  22-37   
electrodialysis  22-42   
gas separation  22-61   
general  22-37   
microfiltration  22-57   
nanofiltration  22-48   
pervaporation  22-67   
reverse osmosis  22-48   
ultrafiltration  22-52   

solid/liquid  22-20   
by adsorptive-bubble methods  22-30   
by electric field  22-20   
surface-based with second liquid phase  22-28   

supercritical fluids  22-14   
applications  22-17   
mass transfer  22-17   
phase equilibria  22-15   
physical properties  22-14   
process concepts  22-15   

separators:   
classifiers  19-24   
cone  19-38   
cyclone  19-38   
drum  19-38   
electrostatic  19-51   
magnetic  19-42   
screens  19-19   

septum. See filter medium   
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shadow prices, adjoint variables,    
 dual variables  3-66   

shape factor  20-7   
shear thinning  6-4   
sheet-metal gauges  1-21   
shift rate  21-3   
shock sensitivity, reactive chemicals  26-50   
shooting methods  3-57   
sieves:   

scale  19-18   
series  19-19   
testing  19-19   

sieve scale  19-18   
sieve series:   

international test   19-19   
Tyler standard  19-19   
U.S.  19-19   

signal transmission:   
alarms  8-55   

analog  8-55   
discreet   8-55   
ganging  8-56   
intelligent  8-56   

analog  8-53   
electronic  8-53   
pneumatic  8-53   

digital  8-53   
analog inputs and outputs  8-53   
microprocessor-based transmitters  8-54   
pulse inputs  8-54   
serial interfaces  8-54   
transmitter/actuator networks  8-54   

filtering and smoothing  8-55   
smoothing equations  8-55   

silicic acid  2-23   
silicon  2-23  2-59  2-166  2-193  
silicon carbide  2-23   
silicon chloride  2-23   
silicon dioxide  2-23   
silicon fluoride  2-23   
silicon hydride  2-23   
silver  2-23  2-60  2-166  2-193  
silver bromide  2-23   
silver carbonate  2-23   
silver chloride  2-23  2-60  2-167  2-193  
silver cyanide  2-23   
silver nitrate  2-23   
Simpson’s rule  3-53   
singular solution  3-36   
sink-float processing.   

 See also dense-media separation   
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S.I. units  1-2   
base units  1-3   
derived units of  1-3   
graphic relationships of  1-2   
prefixes  1-3   

size:   
classifiers  20-17   
internal classification  20-17   
selectivity  20-17   

size enlargement:   
agglomeration  20-56   
coalescence  20-58   
equipment. See granulator   
formulation  20-57   
granulation  20-57   
layering  20-86   
methods and applications of  20-58   
nucleation  20-58   
physical transformations  20-57   
pressure compaction processes  20-81   
sintering  20-57   
spray-drying  20-57  20-81   
spray processes  20-80   
thermal processes  20-84   

drying  20-85   
hardening  20-84   
sintering  20-84   
solidification  20-85   

wetting  20-57   
skatole  2-45   
slip velocity  6-27  6-31   
slot distributors  6-33   
sludge  25-78   

disposal  25-79   
incineration  25-79   
landfills  25-80   
land spreading  25-80   

processing  25-78   
concentration  25-78   
stabilization  25-78   

slurries, sampling  19-4  19-9   
snowballing  20-86   
Soave-Redlich-Kwong (SRK) equation  4-21  13-7   
sodium  2-23  2-60  2-153  2-167  2-193  2-300  
sodium acetate  2-23   
sodium aluminate  2-23   
sodium amide  2-23   
sodium ammonium phosphate  2-23   
sodium antimonate  2-23   
sodium arsenate  2-23   
sodium arsenite  2-23   
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sodium benzoate  2-23   
sodium bicarbonate  2-23   
sodium bifluoride  2-23   
sodium bisulfate  2-23   
sodium bisulfite  2-23   
sodium bromate  2-23   
sodium bromide  2-23  2-60  2-104  2-153  2-167  2-193  
sodium carbonate  2-23   
sodium chlorate  2-24   
sodium chloride  2-24  2-60  2-123  2-153  2-167  

  2-185  2-193  2-202   
sodium chromate  2-24   
sodium citrate  2-24   
sodium cyanide  2-24  2-60  2-153  2-193  2-202  
sodium dichromate  2-24   
sodium ferricyanide  2-24   
sodium ferrocyanide  2-24   
sodium fluoride  2-24  2-60  2-153  2-167  2-193  2-202  
sodium formate  2-24   
sodium hydride  2-24   
sodium hydrosulfide  2-24   
sodium hydrosulfite  2-24   
sodium hydroxide  2-24  2-60  2-89  2-105  2-123  2-153  
  2-185  2-193  2-202  2-302  
sodium hypochlorite  2-24   
sodium iodide  2-24  2-60  2-153  2-167  2-193  2-203  
sodium lactate  2-24   
sodium methylate  2-45   
sodium nitrate  2-24   
sodium nitrite  2-24   
sodium oxide  2-24   
sodium perborate  2-24   
sodium perchlorate  2-24   
sodium peroxide  2-24   
sodium phosphate  2-24   
sodium potassium tartrate  2-24   
sodium sesquicarbonate  2-24   
sodium silicate  2-24   
sodium silicofluoride  2-24   
sodium stannate  2-24   
sodium sulfate  2-24   
sodium sulfide  2-25   
sodium sulfite  2-25   
sodium tartrate  2-25   
sodium tetraborate  2-23   
sodium thiocyanate  2-25   
sodium thiosulfate  2-25   
sodium tungstate  2-25   
sodium uranate  2-25   
sodium vanadate  2-25   
soil as a construction material  28-43   
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soldering  10-126   
solid analytic geometry:   

coordinate systems  3-18   
lines and planes  3-19   
surfaces  3-19   

solidification  11-27  11-58   
equipment for  11-58   

agitated-pan type  11-58   
belt  11-59   
rotating-drum  11-60   
rotating-shelf  11-61   
vibratory type  11-59   

solids:   
jigging  19-30   
mixing  19-10   
physical transformations  20-57   
properties of  20-10   
sampling  19-4   
screening  19-18   
separations  19-34   
sorting  19-17   
tabling  19-31   
wet classification  19-23   

solids-liquid separator:   
selection of  18-131   

solid waste  25-80   
collection  25-86   
disposal  25-102   
generation  25-81   
handling, storage, processing  25-84   
legislation and regulations  25-12   
processing  25-91   
transport   25-89   
waste combustors, regulations  25-99   

solubilities  2-120   
solvent extraction. See extraction/   

 liquid-liquid   
sonic flow  6-22   
sorbents, selection of  16-5   
See also adsorbents   
sorbitol  2-45   
sorbose  2-45   
sorption, equilibrium.  See also adsorption   16-11   
sort ing  19-17   

electrical conductivity in   19-18   
optical  19-17   

source-control-problem strategy   25-29   
space velocity  23-7   
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special differential equations  3-37   
Bessel’s equation  3-37   
Euler’s equation  3-37   
Hermite’s equation  3-38   
Laguerre’s equation  3-38   
Legendre’s equation  3-38   

specific gravity  1-20   
degrees API  1-20   
degrees baumé  1-20   
degrees twaddell  1-20   
pounds per cubic foot  1-20   
pounds per gallon  1-20   

specific heats of aqueous solutions  2-184   
specific heats of miscellaneous materials  2-186   
specific heats of pure compounds  2-161   
specific rate  23-43   
specific surface  20-6   
speed pumps, adjustable  8-79   
spiral concentration  19-34   

costs of  19-35  19-36   
maintenance of  19-35   
operating characteristics of  19-35   
operation  19-34   
requirements for  19-35   
water requirement for  19-35   

spiral-plate exchanger  11-55   
applications of  11-55   
types of  11-55   

spiral-tube exchanger  11-56   
applications of  11-56   

spouted beds  12-75   
spray ponds  12-21   
spray processes:   

flash-drying  20-81   
prilling  20-81   
spray-drying  20-81   

S-shaped curves  9-26   
logistics curve  9-26   

example of  9-26   
stainless steel  28-29   

austenitic alloys  28-4  28-34   
properties of  28-39   

cast corrosion-resistant, properties of  28-41   
cast heat -resistant, properties of  28-41   
cast stainless alloys  28-34   
ferritic alloys  28-29   

properties of  28-39   
martensitic alloys  28-29   

properties of  28-38   
special types, properties of  28-40   
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standard deviation  3-70   
standard state  4-31   
stannic chloride  2-25  2-60  2-168  2-194  
stannic oxide  2-25   
stannic sulfate  2-25   
stannous bromide  2-25  2-60  2-194   
stannous chloride  2-25   
stannous sulfate  2-25   
starch  2-45   
starters:   

control of  29-10  29-13   
multispeed alternating-current  29-13   
synchronous-motor  29-13   
types of  29-10   

state functions  3-26   
static electricity  26-70   
static pressure:   

average  10-6   
definition of  10-5   
local  10-6   
measurement of  10-7   
piezometer taps  10-6   

static temperature  10-8   
statistics:  3-69   

error analysis  3-87   
experiment design and variance analysis  3-87   
hypothesis testing  3-76   
least squares  3-83   
measuring and sampling data  3-72   
probability distributions  3-71   

steam engines  29-14   
expanding  29-14   
nonexpanding  29-14   
uniflow design  29-14   

steam generator, definition of  11-35   
steam jet:   

condenser  11-90   
flash tank  11-92   
primary steam ejector  11-90   
refrigeration  11-92   

steam turbines  29-17   
blades and staging  29-18   

Curtis stage  29-18   
impulse stage  29-18   
reaction stage  29-18   

control-system components  29-21   
efficiency of  29-18  29-20   
extraction-pressure control  29-22   
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steam turbines (Cont.)   
operating problems:   

erosion  29-28   
leakage from the glands  29-27   
power loss  29-28   
sticking of valve stems  29-27   
temperature bow  29-27   
turbine bearings  29-28   

performance  29-18  29-20  29-27   
mechanical  29-27   
thermodynamic  29-27   

selection of  29-22   
speed-control systems  29-21   

electrohydraulic  29-21  29-25   
mechanical-hydraulic  29-21  29-25   
remote or process speed control  29-21   

stage and value options  29-17  29-19   
multistage, single-valve  29-17  29-19   
single-stage, single-valve  29-17   

steam rate  29-20   
actual  29-20   
theoretical  29-20   

types of  29-17   
stearic acid  2-45  2-73   
stearic anide  2-45   
Stedman disintegrator. See cage mills   
steel  28-28   

carbon  28-6   
low-alloy  28-29   
properties  28-36   
stainless. See stainless steel   

Stefan-Maxwell equations  5-47  5-54   
sterilization  24-13   

 See also biochemical engineering   
stirred tanks  23-44   

correlations of mass-transfer coefficients  23-46   
hydrogenation of oils  23-46   

Stoichiometric number  4-31   
stokers  27-32   
Stokes-Cunningham correction  6-54   
Stokes diameter  20-7   
Stokes-Einstein   5-50  5-52   
Stokes flow  10-5   
Stokes law  6-50  20-7   
Stokes number  20-65   

determination of  20-66   
storage:   

cost of  10-142   
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storage (Cont.):   
of gases  10-141   

gas holders  10-141   
materials  10-141   
in pressure vessels  10-141   
solution of gases in liquids  10-141   

of liquids  10-138   
atmospheric tanks  10-138   
container materials and safety  10-140   
pond and underground  10-141   
pressure tanks  10-138   
volume calculation  10-139   

storage of bulk solids:   
storage bins, silos, hoppers:   

flow-factor tester  21-28   
funnel flow  21-27   
mass flow  21-27   

storage piles:   
discharge arrangements  21-27   
mobile equipment  21-27   
reclaiming  21-27   

strain index  20-72   
stresses:   

allowable  10-110   
bending  10-117   
displacement  10-109   
flexibility  10-117   
longitudinal  10-103   
reduction factors  10-116   

stripping section  13-4   
strontium  2-25  2-60  2-153  2-167  2-193  
strontium acetate  2-25   
strontium carbonate  2-25   
strontium chloride  2-25   
strontium hydroxide  2-25   
strontium nitrate  2-25   
strontium oxide  2-25  2-60  2-193   
strontium peroxide  2-25   
strontium sulfate  2-25   
styrene  2-45  2-51  2-73   
subcooling  11-12   
suberic acid  2-45   
subsonic flow  6-22   
successive substitutions method  3-51   
succinic acid  2-45   
sucrose  2-45   
suction head  10-22   
suction-specific speed  10-25   
sulfamic acid  2-25   
sulfanilic acid  2-45   
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sulfur  2-25  2-60  2-153  2-167  2-194  
in coal  27-5   

sulfur bromide  2-25   
sulfur chloride  2-25  2-60  2-153  2-167  2-194  
sulfur dioxide  2-77  2-124  2-128  2-153  2-167  2-194  2-302 
sulfuric acid  2-25  2-78  2-107  2-185  2-203  2-303  
sulfuric oxychloride  2-26   
sulfurous oxybromide  2-26   
sulfurous oxychloride  2-26   
sulfur oxide  2-25  2-54   

as a pollutant  27-28   
supercritical fluids  22-14   

mass transfer  22-17   
phase equilibria  22-15   

cosolvents  22-16   
glass transition  22-16   
liquid-fluid  22-15   
models  22-16   
polymer-fluid  22-16   
solid-fluid  22-16   
surfactants  22-16   

physical properties  22-14   
process concepts  22-15   
separations, applications to  22-17   

adsorption  22-17   
antisolvent  22-18   
cleaning  22-18   
crystallization  22-18   
desorption  22-17   
drying  22-18   
extraction  22-17   
food and pharmaceutical  22-17   
polymers  22-18   
reactive separation  22-18   
temperature-controlled residuum oil   

 supercritical extraction (ROSE)  22-17   
supercritical  23-34   
superheated  11-11   
superheated vaporizer, definitio n of  11-35   
supersaturation coefficient  18-37   
supersonic flow  6-22   
superconductivity  11-97   
surfactants  22-16   
sylverstrene  2-45   
symbols  1-24   

mathematical  1-24   
systems of variable composition:   

partial molar properties  4-7   
summability equation  4-7   
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tabling  19-31   
agglomeration  19-33   
dry  19-33   
wet  19-31   

tanks:   
atmospheric  10-138   
fixed roofs  10-138   
floatin g roofs  10-138   
open  10-138   
pressure  10-138   
volume calculation  10-139   

tantalum   2-26   
as a construction material  28-37   

tartaric acid  2-45   
tartronic acid  2-45   
tax, annual amount of  9-6   
Taylor’s series  3-32   
tellurium  2-26  2-60  2-153  2-167  2-194  
TEMA heat exchangers, shell-and-tube  11-33   
temperature  1-19   

conversion formulas  1-19   
dynamic  10-6   
static  10-6   
total  10-6   

temperature-controlled residuum oil   
 supercritical extraction (ROSE)  22-17   

temperature measurement:   
bimetal thermometers  8-46   

types of elements  8-46   
filled-system thermometers  8-46   

application of  8-46   
international practical temperature   

 scale  8-45   
pyrometers  8-46   

accuracy pyrometer  8-47   
types of pyrometers  8-47   

resistance thermometers  8-45   
thermistors  8-45   
thermocouples  8-45   

terbium  2-26   
terephthalic acid  2-45   
terminal settling velocity  6-50   
terpineol  2-45  2-73   
terpin hydrate  2-45   
terpinyl acetate  2-45   
tetrabromoacetate  2-45   
tetrachloroethane  2-45   
tetrachloroethylene  2-45   
tetracosane  2-45   
tetradecane  2-45  2-50   
tetraethylthiuram disulfide  2-45   
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tetrafluoroethylene  2-46   
tetrahydrofuran  2-46   
tetrahydrofurfuryl alcohol  2-46   
tetrahydropyran  2-46   
tetralin   2-46  2-74   
tetramethylthiuram disulfide  2-46   
tetryl  2-46   
thallium  2-26  2-60  2-167  2-194  
thallium acetate  2-26   
thallium chloride  2-26   
thallium sulfate  2-26   
theobromine  2-46   
theoretical or equilibrium stages,    

 definition of  15-5   
calculation in liquid-liquid extraction  15-16   

height equivalent to a theoretical stage  15-20   
shortcut methods  15-17   

theory:   
of compression  10-37   
of filtration  18-74   

thermal conductivity measurement  8-50   
thermal cracking  23-13   
thermal decomposition  23-56   
thermal design  11-4   

cocurrent flow  11-4   
condenser thermal design  11-11   
countercurrent flow  11-4   
cross-flow  11-5   
design  11-4   
evaporator design  11-13   
heat-exchange design  11-4   
insulation  11-68   
mean temperature difference  11-4   
overall heat -transfer coefficient  11-4   
reboiler thermal design  11-3   
single-phase heat transfer thermal   
 design  11-5   
solid processing design  11-24   
tank-coil design   11-20   

thermal expansion  2-128   
coefficients of  10-118  10-126   

for metals and alloys  28-34   
thermocouples  10-7   

range of  10-8   
thermodynamic efficiency  4-35   
thermodynamic properties  2-205   
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thermodynamics:   
first law:   

closed and open system  4-3   
heat, work  4-3   

multivariable calculus and  3-26   
properties:   

intensive and extensive  4-3   
second law  4-3   

thermosiphon reboiler  11-13   
thickeners:   

basin area  18-61   
classes of  18-65   

bridge-supported  18-65  18-67   
center-column supported  18-65  18-67   
traction drives  18-65  18-67   

costs of  18-73   
design criteria  18-72   
high-density  18-64   
high-rate  18-64   
operation of  18-65   
selection of  18-73   

Thiele-Geddes (TG) method  13-40   
thioacet ic acid  2-46  2-74   
thioaniline  2-46   
thiocarbanilide  2-46   
thionaphthol  2-46   
thiophene  2-46  2-53   
thiophenol  2-46  2-74   
thiosalicylic acid  2-46   
thiourea  2-46   
thorium  2-26   
thorium oxide  2-26   
thorium sulfate  2-26   
three-point formulas  3-53   
throughput   6-15   

parameter  16-7  16-30   
throw  20-24   
thulium  2-26   
thymol  2-46  2-74   
time-dependent motion  6-52   
time value of money  9-10   
tin   2-26  2-60  2-168  2-194  
titanic acid  2-26   
titanium  2-26   

as construction material  28-37   
properties of  28-48   

titanium chloride  2-26  2-60  2-168  2-194  
titanium dioxide  2-26   
tolidine  2-46   
toluene  2-46  2-74  2-304   
toluene sulfonic acid  2-46   
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toluene sulfonic amide  2-46   
toluene sulfonic chloride  2-46   
toluic acid  2-46   
toluidine  2-46  2-74  2-177   
toluidine hydrochloride  2-46   
toluidene sulfonic acid  2-46   
toluylene diamine  2-46   
tolylene diisocyanate  2-46   
tower packings  6-40   
towers:   

countercurrent absorption  23-41   
mechanical-draft   12-15   

cross-flow  12-16   
forced-draft   12-15   
induced-draft  12-16   

removal of carbon dioxide and   
 hydrogen sulfide  23-44   

sulfur dioxide, spray  23-44   
types  23-39   

tracers  23-15   
equations  23-17   
response  23-16   

tracing:   
electric  10-135   

MI cables  10-13   
polymer-insulated constant wattage   

 electric heaters  10-137   
SECT   10-137   
self-regulating  10-137   

heat   10-133   
impedance  10-137   
selections of  10-137   
steam  10-133   

transducers:   
F/P transducer  8-68   
rotational motion  8-52   

differential transformer  8-52   
gear train  8-52   
hall-effect sensors  8-52   

transfer function  23-17  23-19   
transformer, differential  8-52   
transportation:   

of bulk solids  21-72   
of packaged items:   

vehicle choice  21-74   
transport of fluids. See fluids,   

 bulk transport of   
transport properties  2-318   
trapezoidal rule  3-53   
tray dryers, direct heat   12-42   
trehalose  2-46   
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triamylamine  2-46   
tributyl amine  2-46   
tributyl phosphite  2-46   
trichloroacetic acid  2-46  2-74  2-177   
trichlorobenzene  2-46  2-74   
trichloroethane  2-46  2-74   
trichloroethylene  2-46  2-74   
trichlorophenol  2-46  2-74   
tricosane  2-46  2-75   
tricresyl phosphate  2-47   
tridecane  2-46  2-50   
triethanol amine  2-46   
triethylamine  2-46  2-52   
triethylbenzene  2-46  2-75   
triethyl borate  2-46   
triethyl citrate  2-46  2-75   
triethylene glycol  2-46  2-75   
trifluorochloroethylene  2-46   
trifluorochloromethane  2-46   
trifluorotrichloroethane  2-46   
trigonometric series  3-32   
trigonometry:   

approximation  3-23   
functions of circular trigonometry  3-20   
hyperbolic trigonometry  3-22   
inverse trigonometric functions  3-21   

trigonometry, plane  3-20   
angles  3-20   
circular trigonometry, functions of  3-20   

identities  3-21   
hyperbolic trigonometry  3-22   
inverse trigonometric functions  3-21   
sides of triangles and angles, relations   

 between  3-21   
trimethoxybutane  2-46   
trimethylamine  2-46  2-52   
trimethylene bromide  2-46   
trimethylene chloride  2-46   
trimethylene glycol  2-46   
trinitrobenzene  2-46   
trinitrobenzoic acid  2-46   
trinitronaphthalene  2-46   
trinitrophenol  2-47   
trinitrotert-butylxylene  2-46   
trinitrotoluene  2-47   
trional  2-47   
triphenylarsine  2-47   
triphenyl carbinol  2-47   
triphenyl guanidine  2-47   
triphenyl methane  2-47  2-75   
triphenyl methyl  2-47   



 
 
 
I -134 
 
             Index Terms  Links  

 This page has been reformatted by knovel for easier navigation. 

triphenyl phosphate  2-47  2-75   
tripropylamine  2-47   
troubleshooting plant performance  30-20  30-30   
tube banks  6-36   
tubing. See piping   
tungsten  2-26  2-60  2-168  2-194  
tungsten carbide  2-26   
tungsten trioxide  2-26   
tungstic acid  2-26   
turbine:   

flat-blade  18-7   
pitched-blade  18-7   

turbine meter  8-48   
turbulent flow, forced convection  5-16   
two-way test   3-82   
ultrafiltration  22-52   
ultrasonic techniques  10-149   
unconfined vapor cloud explosion,    

 (UVCEs)  26-57   
undecane  2-47  2-50   
Underwood’s equations  13-35   
undetermined coefficients method  3-37   
UNIFAC equation  13-18   

method  4-22   
unified alloy numbering system  28-34   
UNIQUAC equation  4-22  4-23  13-18   
unit operations, control of:   

batch logic  8-42   
batch operations  8-37   

automation functions  8-39   
control of process states  8-40   
discrete devices  8-39   
production monitoring  8-39   
production scheduling  8-39   
regulatory control  8-40   
sequence logic  8-41   

batch production facilities  8-41   
chemical reactor  8-33   

composition control  8-35   
dryers  8-36   
evaporators  8-35   
temperature control  8-35   

distillation column  8-33   
basic control  8-33   
product quality  8-33   

heat exchangers  8-32   
enthalpy control  8-32   
feed forward control  8-32   
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units  1-1   
common  1-4   
S.I.  1-2   
U.S. Customary  1-4   

upper flammable limit (UFL)  26-54   
uranic acid  2-26   
uranium  2-26   
uranium carbide  2-26   
uranium oxide  2-26   
uranium sulfate  2-27   
uranyl acetate  2-27   
uranyl carbonate  2-27   
uranyl sulfate  2-27   
urea  2-47   
urea nitrate  2-47   
uric acid  2-47   
U.S. Customary units  1-4   
   
vacuum  26-73   
vacuum systems:   

equipment for  10-57  10-59   
valeric acid  2-47  2-75   
valeric aldehyde  2-47   
valeric amide  2-47   
valves:   

angle  10-90   
ball  10-90   
butterfly  10-91   
diaphragm  10-90   
dimensions of  10-88   
gate  10-87   

inclined-seat   10-87   
parallel-seat   10-87   

globe  10-87   
lift check  10-91   
plug cocks  10-90   

lubricated  10-90   
swing check  10-91   
tilting-disk check  10-91   
trim  10-91   

vanadic acid  2-27   
vanadium  2-27   
vanadium chloride  2-27   
vanadium oxide  2-27   
vanadium oxychloride  2-27   
vanadyl chloride  2-27  2-60   
vanillic acid  2-47   
vanillic alcohol  2-47   
vanillin  2-47  2-75   
Van Laar equation  4-27  13-18   
Van Ness  4-26   
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vaporization of liquids, heat transfer in.   
See boiling of liquids   

vapor pressures of pure substances  2-48   
vapor pressures of solutions  2-76   
variation of parameters method  3-37   
velocity:   

collisional  20-65   
measurement of  10-8   

velocity head  10-22   
velocity head method  6-16   
vent sizing package (VSP)  26-50   
Venturi flowmeter  6-9  8-48   

Herschel-type  10-14   
veratrole  2-47   
vinyl acetate  2-47  2-52   
vinyl acetic acid  2-47   
vinyl acetylene  2-47  2-50   
vinyl alcohol  2-47   
vinyl chloride  2-47  2-53  2-75   
vinyl propionate  2-47   
virial equations of state:   

cross coefficient  4-19   
empirical interaction parameter  4-20   
in pressure  4-19   
second virial coefficient  4-20   
virial coefficient  4-19   

viruses  24-4   
visbreaking  23-10   
viscoelastic  6-4  6-17  6-40   
viscosity  6-4   

kinematic  6-4   
measurement  8-50   

Volterra equation  3-43   
volume:   

change  4-15   
expansivity  4-15   
relation to compressibility factor  4-15   

Von Kármán coefficient  6-42   
vortex depth  18-12   
Vortex shedding  6-41  11-35   
vorticity  6-5   
   
Wagner equation  4-15   
wall effects  6-54   
Ward-Leonard system  29-9   
waste-heat boiler, definition of  11-35   
waste processing  20-55   
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waste, solid  25-81   
properties  25-82   
quantities  25-83   
sources  25-82   
types  25-81   

wastewater characteristics  25-60   
eutrophication, nutrients and  25-62   
inorganics  25-62   
oil and grease  25-63   
organics  25-60   
oxygen, dissolved  25-62   
pH  25-62   
priority pollutants  25-60   
solids  25-62   
temperature  25-62   

wastewater treatment  25-63   
physical-chemical treatment  25-76   
pretreatment  25-63   
primary treatment  25-64   
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sludge disposal  25-79   
sludge processing  25-78       

water   2-27  2-48  2-54  2-90  2-91  2-147  2-304 
heavy  2-27   
as a supercritical fluid  22-14   

water hammer  6-44   
water quality legislation and regulations  25-9   
water-vapor content of air  2-90   
Wegstein method  3-51   
weighing of bulk solids:   

batch weighing:   
additive weigh scale  21-34   
loss-of weigh scale  21-34   
principle of operation  21-32   

continuous weighing   
equipment  21-55   
weight sensing  21-35   

weights and measures  1-19   
U.S. Customary  1-19   

Wein:   
displacement law  5-24   
equation  5-25   

weirs:   
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sharp-edged  10-19   
triangular-notch  10-20   
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equipment for  19-24   
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contact angle  20-61   
controlling  20-63   
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zinc dimethyl  2-47   
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zinc peroxide  2-27   
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z-transform  3-45   
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