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Absorption of SO., equipment, 134
 
ACid, recovery system, 142
 
ACid, sulphate process, chemistry,
 

126
 
strength advisable, 140
 

ACid plant, sulphite process, 126
 
ACid reslstlOg material, I.!I,
 

ACid room, record, 467
 
ACidity, boller feed water, 409
 
Agahte, 241
 
Agave, 24
 
Au, to burn sulphur to SO., r32
 
Air, mOisture contetU, 403
 
Atum, 247
 

amount required, 251
 
analyses, 24B
 
fUllctlon, ~
 
hardening effect, .l41)
 

AlumlOa, lit clay, t1etermll1atlon,
 
237
 

Ammal size. 242
 
Antlchlor, 216
 
Apron, Fourdrlnler machine, 294,
 

34B
 
speCifications, 359
 

Aspen, II
 
AUXlharles, steam plant, 429
 
Backfall, 10 beater, 225
 
Bag, paper, 48
 
Bagasse, 31
 
Balanced draft, 433
 
Balanced draft gauge, 436
 
Balsam, 8
 

cellulose percentage, 6
 
Bamboo, 22
 
Bark removal, 77
 
Barker, 82
 

refu~e, value as fuel, 428
 
Barker milk-of-hme system, r35
 
Barkmg drum, 81
 
Beater, 221
 

capacIty, 222
 
Claflin contll1UOUS, 266
 
contmuous, 265
 
dlme11Sl0nS, 222
 
emptyll1g, 225
 
functIon. 226
 
MIller duple" 263
 
specifications, 271
 
lTmpherston, 265
 

Beater knaves, 268
 
Beater roll, 268
 

bandless, 26g
 
Beater room, e4Ulpl11~nt, mamte


nance, lo.'l
 
record, 4il
 

Beatmg, 221
 
Hed-plat... , beater, .liO
 
Ht.l1mer bleachlllg process, 210
 
Heech, cellulose percentage. 6
 
Helts, ~');
 
Hennett I'elt Clcan,er. 325
 
Hlrch, cellulose 1'e.. n.c..:ntage, 6
 
BIrd contmuous beater attachment,
 

266
 
BIrd I11ward flow rotar)' screen, .!~I
 

"Black ash," 154
 
caustlclZll1g, 160
 
loss {rom rotaries, J7S
 
loss In stack, determmatlon,
 

174
 
recovery from stack, 17.l
 

Bleach room, ventIlatIon, 402
 
Bleachmg, 202, 207
 

aCid, 217
 
contlOUous s)ostem, 21 I
 

electrolytIc, 217
 
ground wood, 217
 
hot, 215
 

Bleaching hquor. amount reqUIred, 
215
 

preparation, 205
 
testmg, 206
 

Bleaching powder, 203
 
detertoratlon, 204
 

Blottmg paper, 50
 
BlOW-Pipe, sulphIte digester, 104
 

Blow PIt, III
 
Boller, auxlbarle~ -t29
 

capacIty reqUIred, .p8
 
foamIng, 409
 
rags. 28, 29
 
ratIng for heatmg surface, +24
 
straw, 20
 

BOlter feed pumps, 431
 
Boiler feed regulator, 432
 
Boller plant, 411
 
BOIler pressure chart. 4:;:;
 
BOiler room, dImenSIons· per ton
 

paper, 4.2<Q 
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BOIhng, rags, 27
 
straw. 21
 

Book paper. 40
 
grades. 43


"Breaking up" engme, waste paper,
 
38
 

Breaks, causes. 349
 
Breast roll, Fourdrimer machme,
 

349
 
Bronze pipe, use of, 39'
 
BuJldmg paper. 53
 
Bundle fimshl11g. 382
 
Burgess mllk-of-hme system, 135
 
Burrmg, 188
 
Burrs. 189
 
"Butchers" paper. 45
 

Canadian woods, compOSitIon, 6
 
CO. recorder, 415
 
Calcium oxide, in clay, determmd

lion. 238
 
Calender Su also Super-calender
 
Calender doctor, 336
 
Calender rolls, 335
 

speCifications, 367, 373
 
Camel hall" beltmg, 3¢
 
Car loadmg, 387
 
Carlson and Waern evaporator, IS7
 
Cast Iron pipe, use of, 390
 
CaustlclZmg. 160
 

Don system, 161
 
CaushclZlog systems, effiCIency, 168
 
Cellulose. 5
 
Cement, d18ester hmng, lor
 
Cham, log haul, 55
 
Cham, slasher, 59
 
Chemical control, Importance of,
 

sulphate process. 18J 
value, 458
 

Chestnut, cellulose percentage. 6
 
Chip bin. 93
 
Chtp conveyor, 93
 
Chip Inspecbon, 94
 
ChIp screen, 89
 
Chipper. 85
 

effiaency. 465
 
Chlorme, available m bleachmg
 

powder, correspondmg to
 
French degrees, 204
 

hQuld. for bleachmg. 206
 
Cigarette paper 46
 
Claflm cont1l1uous beater, 266
 
Clay, 231
 

American ver.rus Bnhsh, 233
 
analyses, 232, 233, 217
 

Canadian. analysis, 235
 
preparation. 211
 
production tn US. 233
 
retenbon, 33;, 239
 

Closed loop boiler feed system, 439
 

Coal,419 
Coal bunker, capacity per ton pa

per, 428
 
Coalmg,41
 
Coating rmll. tntenor view. 42
 
Color, 253
 
Conveyor, chIp, 9J
 

wood storage, 73
 
Cookmg, Morterud process, 110
 

soda process, 148
 
Amencan practIce, 150-153
 

sulphate process, 177
 
su1phlte, 105
 

pressure, 107
 
relieVing, loB
 
temperature, loB
 

Cooler, sulphur dIOxide, 132
 
Cord, pulpwood, Weight, 79
 
Cotton wool, analYSIS. 5
 
Cottrell electrical preCipitatIOn
 

"black ash" recovery, 173
 
Couch rolls. Foul"dnmer machine.
 

306, 350
 
specifications, 360, 374
 
suction, 311
 

Couch roll Jacket. JCY7, 308, 351 . ,
 
Crown filler, 241 'c~
 

Cnlsher, 88
 
Cutlery paper, 45
 
Cuttmg rags, 26
 
Cybnder nlachtne, 340
 

Dandy 1"011, Fourdnmer machine,
 
304, 351
 

speclficattons, 361, 373
 
Decker, I21
 
Deckered stock chest, 122
 
Deckle straps, Fourdnmcr machine,
 

302, 350
 
speCificatIOns, J(51, 372
 

De-fiberlDg, waste paper, Wmestock
 
process, 36
 

De-tnkJng, waste paper, 35
 
Wmestock process, J6
 

D13phraRm screen, 282
 
Digester, chip capacIty, 106
 

operatIon, effect on steam plant, 
414
 

power requtred, 4~
 
soda process, 146
 
straw, 20, 22
 
sulphate process, 177
 
sulphIte process. 97
 

filhng, 106
 
heating, 106
 
rotary, no
 
steam supply, 103
 

welded, 147
 
Direct cookmg, suJphlte, 105
 
DISC evaporators, 157
 
Doctor, In beater, 225
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Dolomite, for sulphite process, 129,
 
138
 

Dorr caushclzmg system, 161
 
dow sheet, 166
 

Draft. balanced, 432
 
forced, equipment for, 426
 

Draft recording gauge, 436
 
Drip systems. steam mams, 439
 
Drive, Fourdrlnter machme, 343.
 

446
 
specifications, J69 

Dryer, arrangement, 327
 
beatmg, 3Rl
 
specifications, 364, 374
 
water removal, 328
 

Drycr cyllndcrs, 326
 
Dryer felt, 317, 330
 

care, 321, 322
 
mendIng, 324
 
replacmg, 331
 
seam, 332
 
washmg, 325
 

Dryer felt Sa also Wet fclt
 
Dryer felt roll, 334
 

specifications. 367
 
Dryer gears. 335
 
Dustmg, rags, 25
 
Dycstuffs, 254
 
Ebony, cellulose percentage, 6
 
ElectriC drIve, beater room, 367
 

Fourdrtmer machine, 446
 
Emptymg valve. beater, 2.l'i
 
Enclosed loop trap system, steam
 

mains, 439
 
Engme, Beater Sf/! Beater
 
Esparto, II
 

analyses, It
 
cellulose peteentagc, 6
 

Evaporator, Carlson and Waern,
 
157
 

diSC, 157
 
multiple effect, soda process, 154
 
Yaryan, 15,.
 

Farnsworth system, steam dlstrtbu
hon, 440
 

Feed chams, slasher, 59
 
Feed water, pUrlncatlon, 407
 
Feed water regulator, 43.2
 
Felt, d~er See Dryer felt
 
Felt. papermakers' See Dryer felt,
 

Wet felt
 
Felt. wet Sa Wet felt
 
Fibre, varieties, 8
 

vulcanized, 49
 
Filter. 231
 
Filter paper, sr
 
FIltration, caustlclzing soda ash, 161
 

water, 353. 406
 
FIOISh, machme. 43
Finishing room,'378
 

Fire protection, water
 
410
 

wood pde, 74
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supply fOf, 

Flax, cellulose percentage, 6
 
Flax fibre, waste, 32
 
Flow box Su Head box
 
Flue gas analysIS, COl remrder, .P5
 

Orsat apparatus, ..P5
 
I'lne temperature recorder, .n6
 
Fly-bar, 268
 
Foammg, botler, 409
 
Forced draft, equIpment for, 426
 
Fourdrlmer machme, 281
 

drive, :H3 +to
 
friction load, 450
 
specifications, 358
 
starting, '345
 

Fourdnlller Wire, 2Q6
 
detenoration, 298
 
loads, 450
 
putting on machine, 300, 350
 
st.uting, 301
 

FrlC:tlon load, Fourdrmler machine, 
450
 

Fuel, steam plant, 419
 
Furnace. rotary, soda rKOvery, ISS
 
"Furnish," ~~4
 

Gas, natural. fuel, 420
 
Gas analYSIS, Orsat apparatus, 415
 
Gauges, 435
 
Gt-tnder, pressure regulation, 193
 

spc.clficattons, 199
 
Ground wood, I, JR.t 

bleaching, 21' 
quality, determlllatlOn, J98 

Ground wood mIll, [Rot

Guard board, couch roJls, 308
 

speCifications, 360
 
Guide roll, antomatlc, for Fourdn


mer Wire, speclficahons, 359,
 
372
 

dryer felt, 333
 
"Gypsum," I:H
 
Gypsum, ground, as nller, 2-tr
 

"Hair ~tllff:' 30
 
Hangings, S2
 
Harper Fourdnnier machme, 141
 
Head, sulphite dIgester, 103
 
Head bo", Fourlinnier machme,
 

293, J48 
speCifications, 359, 372
 

Heat conservation, 453
 
Heating s~ stem, 453 .
 
Hemlock, 11
 
Hemlock. cellulose percentage, 6
 
Hemp, Italian, 33
 

Manila. 2J
 
cellulose percentage. 6
 

Sunn,23
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Herreshoff pyrites furnace, 144 Natural gas, 420
 !
Hollander, 30, 31, 208, 223 Newspapers, American, statistics,
 
Holly drip system, 439
 5°
Horsepower, boller, definxtlon, 424 Newspnnt, 50
 
Hosing, blow PIt, 112 and strength reqUIred, sulphite
 

process, 141
 
Intermediate tank, Jl2 stung of, 246
 
Iron, In clay, determmatlon, 237,
 

218 011 fuel, 420
 
Orsat apparatus, 415
 

Jenssen system, S03 absorphon, 136 weight percentage calculatIon,
 
Jordan engme, 261 417
 

mamtenance, 270
 
power requirement, 261 Paper, bag, 48
 
spht shell, 262 blottmg. 50
 

Jute, 23 book, 40
 
cellulose percentage, 6, 23 book, grades, 43
 

cigarette, 46
 
Kaotm, 231 coated, 41
 
Kmves. barkmg machme, care, 83 cutlery, 45
 
Knotter screen, 113 exports, 1918, 40
 
Kraft paper, 3, 44, 176 filter, 51
 

Imports, 1918, 40
 
Labor reqUirement, slasher, 60 Man1la, 45
 
Laps, 123 machme 6msh, 4'
 

reason for makJng, I.! I newsprInt, 50
 
"Lay-boy," J84 parchment, 49'
 
Lead pIpe, use of, 391 production 10 USA, 1918, 40
 
Lead digester hmng, disadvan- roofing, 53
 

tages, 101 testing, 458, 461
 
Leather, best belt materLal, 395 tIssue, 46
 
Lenlx Jdler pulley, 398 vaneties, 40
 
Ltghtmg, 404 wall, 52
 
LImestone, L.ii8 waste See Waste paper
 
Lmden, cellulose percentage, 6 wrappIng, 44
 
unen, cellulose percentage, 6 "Butchers," 45
 
Lmen finish, 44 Kraft, 44
 
l.Inmg, dIgester, 101 Manila, 45
 
Load, FourdrImer machine, 450 wrItmg, 40, 4J
 
Log counters, 55 rag stock for, 24
 
Log haul up, 54 Paper and pulp mills, number in
 
Log k1cker, 56 USA, 1918, 40
 
Log sphtter. 67 Paper makmg machme Sec Four


drlnler machme, Cylinder
 
Machine room. 281 machme, Harper FourdrmIer
 
ManIla Su Hemp, Manda machine
 
Manila wrappmg paper, 45 "Paper stock," defined, 24
 
Marshall engine, 263 Parchment paper, 49
 
Matherkter, 30 Pearl hardenmg, 241
 
Midfeather, beater, 223 PLgments. 254
 
Milk-of·hme system, SO. absorp- Pme, Jack, cellulose percentage, 6
 

tIOn, 133. 135 Scotch, cellulose percentage, 6
 
power requirement, 140 yellow. 12
 
Versus tower system, 138 Plpe covenng, 445
 

MIller duplex beater, 263 Plpmg, 390
 
Mills, paper and pulp, number in Plate. dIaphragm screen, .as"
 

USA, lQI~, 40 Plant, arrangement of buddmgs,
 
Mitscherhck process, sulphite, lOS 389
 
Morterud sulphate process, 1'J'J deSIgn. general considerations,
 
Morterud sulphite process, no 388
 
Mullen paper tester, 462 lIghting, 404
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Plant, location, 388
 
steam lrupply, J89
 
ventllatlOl1, 400
 
water supply. 406
 

• Pocher." 208
 
Pony dryer, 334
 
Poplar. J I
 

cellulose percentage, 6
 
Power, ground wood mill, 18.4
 
Power plant. 411
 
Power reqUirement, ~s6
 

aCid pump for digester, 106
 
agItator In mtermedlate tank,
 

112
 
centrl fugal screen, 1I8
 
chip conveyor, 93
 
chipper, 88
 
ground wood mill water supply,
 

188
 
ground wood mill, per ton pulp,
 

192
 
Jordan engme, 261
 
knotter screen, 114
 
log splitter, 68
 
mllk-of-Iime system, 140
 

pulp grmder. 187
 
re-chlpper, 92
 

slasher. 60
 
stock pump, 187
 
stock Dump to beater, 259
 
sulphite digester, l0-l
 
tower system, 1-1-0
 

tumbling drum, ~.l
 
Power Yield, refuse from barker
 

as fuel, 428
 
Press rolls. Fourdrlmer machme,
 

JoB
 
crownmg, 310
 
speCIficatIOns, 363, 374
 
suction, Jq
 

Press room, record. .¢9
 
Pressure, grinder. 190
 
Pressure ~ I rSlcs vacuum, aCid ab


sorption systems, 143
 
Pressure gauge, boller, 4JO, 435
 
Pressure regulator. electflc, for
 

grinder, 193
 
Pulleys, Idler, 398
 
Pulp. bleachmg, 202
 

chemical. t
 
Kraft process, 3
 
manufacture. I
 
materials. 5
 
mechamcal Sre Ground wood
 
soda process, ,
 
straw, manufacture, 20
 
strawboard. manufacture. 21
 
'lulphate process, J
 
sulphite process, 2

yield from vanous materIals. 7
 

Pulp grinder. 186
 

Pulp stone, speed. effect on prod

uct, 191
 

Pulp thickener. grOUtH! wood mill,
 
121, 187
 

Pulpwood Sft Wood
 
Pump, 393
 

bOiler feed, 431
 
bOIler feed, piston speed. 43z
 

turbme-dnven. speCIfications, -lJ1
 
PYrites burning, qJ
 
PyrItes burnmg, costs, 145
 

Rags, 2-l 
grades, ~5 
bOlltng, _'0 

Rag cutter, 26
 
RaIl shIpment. '937
 
Railroad faclhtles, paper plant. J90
 
Re-chlpper, 9:2
 
Recovery systems, soda process.
 

1,54
 
efficIency. 170
 
sulphate process. IRo
 

Recovery tower, q2
 
Reel, 337
 

speCIfications. 368
 
Rehevmg, sulphIte dIgester, 108
 
Return wire roll. Fourdnmer ma

chine, speCifications, 359
 
Rewmdmg, 379
 
Rlffler. 1 q
 
RlfJler pump. 114
 
Roll, finishing. 378
 
Roll-bars, 268
 
Roofing paper. 53
 
Rope dnve, 199
 
ROSin size. 2.p
 

vanetle!. 245
 
Rubber beltmg, 395
 

Sand trap, m beater 224
 
Jordan engine, ->().!
 

Sandberg cool~r, 133
 
Satin whIte, ~I
 

Save-all. J53
 
Save-all box, Fourdnnter machine. 

specifications. J62, J64 
Saw. 57
 

adjustment, 66
 
care of. 63
 
collars for, 66
 
speed. 66
 

Saw frame. construction, 65
 
Sa", mdl, S4
 

construction. 65
 
Schopper paper tester, 462
 
Schw~ttzer's reagent, 5
 
Score cutter. J80
 
Screen, 117. 282. J48
 

centrIfugal, 117
 
cleantng, 118
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Screen, IOstallatlon. 120
 
clup, B9
 
dIaphragm, .282
 
rotary,2S9


Screen plate, screwless• .z88
 
Screen plate fastener, 287
 
Screen room, record. 468
 
Screemngs chest, 119
 
Screemngs grmder, Jl9
 
Screemngs press, Jl9
 
Seam, dryer felt, 332
 
Settlmg ta,nk save-all, 354
 
Shake, Fourdnmer machIDe. specl

ficattons, 302
 
Shake rail, specifications, 361
 
Shaker chiP screen, 91
 
Sheet cutter. 383
 
ShIpment, 387
 
Showers, Fourdrlmer machme,
 

specifications, 362
 
Sthca, m clay. determmatlon, 237
 
SIlicate of soda. 2,52
 
Slzmg, 241. 245
 
Slasher, 57
 

labor reqUired, 60
 
performance. 60
 
power reqUIrement. 60
 

Slasher chalO. 59
 
Shces. apron. Fourdrmler machme.
 

294
 
"Shp," strength of, 234
 
Shtter, 339
 

specificatIons, 368
 
Slittmg. 379
 
Sliver screen, I87
 
Smith forced draft equipment. 426
 
Smootlung press rolls. Fourdnnler
 

machIne, 3I~ 

Soda process. 3. 146
 
recovery systems, 154
 
recovery systems, efficIency. 170
 

Softening, waste paper, 38
 
Soot blower. 432
 
Sortmg. rags, 24
 

waste paper, 33
 
Speed, pulp stone, effect on prod


uct, ]9I •
 
Sphtter, 67
 
Spruce, 8
 

cellulose percentage, 6
 
Stacker. wood storage. 75
 
Starch, 253
 
Steam. books on. 4IJ
 

dlstnbutlon system, 438
 
Farnsworth. 439
 

flow meter, 436
 
plpmg for, 391
 
pressure, 4.."\6
 
pressure gauge, 430. 435
 
superheated, sulphIte digesters,
 

qz 

Steam, use In bleachmg. 215
 
Steam mams, 438
 

repairs, 443
 
Steam plant, 389, 411
 
Steam supply} sulphIte dIgester. 103
 
Stebbms nnlk-of-hme system, 135
 
Stock chest, 257 '"
 
Stock pnmp, 187
 

power requirement, 259
 
Stoker, automatic, 42]
 

advantages. 423
 
capacIty required, 428
 
engme for drlvmg, 425
 

Storage. 385
 
"Stramers,' .282
 
Straw, IJ, 20
 

analyses, 20
 
cellulose percentage. 6, 20
 

Strawboard, manufacture. 21
 
Strmg catcher. m beater. 225
 
Suction box. Fourdrlnler machine.
 

304. 351
 
specifications, 361, 373
 

Suction couch rolls. Fourdrinier
 
machine. 31 I
 

Suchan press rolls, Fourdrmler
 
machme. 3I4
 

Sulphate liquor, compOSitIOn, 176,
 
182
 

Sulphate mdl, anterior, 178
 
Sulphate process. 3. 176
 
Sulphite process, 2. 95
 

aCid plant. 126
 
aCid strength requIred, 140
 
chemIstry, 97
 
cookIng, 13, lOS
 
expenmental cooks, ]3-19
 
Morterud method. 110
 

Sulphur,	 I27
 
per ton sulphite pulp, 142
 

Sulphur burner, 129
 
rotary, 130
 

Sulphur dIoxIde, absorption. 1-54
 
comparIson of systems, 1;38
 

solublhty m water. 143
 
Surge tank, on hydrauhc system.
 

ground wood mill, 19;'
 
SWIng saw, 62
 

Table rolls, FourdrlnJer machme, 
303,349

specifications, 359
 
Talc, 240
 
Target. blow PIt. III
 
Taylor stoker, 423
 
Temperature, mRuence on q1taltty
 

of ground wood, 189
 
Temperature recorder, feed water,
 

436
 
Testll1g, sulphite process, 1(1)
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Tests, paper .lnd paper matenals, 
458
 

recorc..hng. 464
 
"I brasher, rag dusung machme, 2.5
 
rllghman patent, sulphite proce~s,
 

96
 
rlsloue paper, .¢
 
Tower system, SO. absorption, 136
 

power requirement, 140
 
Towers, Jenssen, 116
 
Tromblee and Paul sulphur burner,
 

IJO 
Tube rolls, Fourclrlmer machme,
 

3°3, 349
 
specifications, 359, J72
 

Tumbhng drum, 79
 
Turbme, steam, mdlvldual drive
 

for Fourdrlmer machme, 448
 

Umpherston beater, 265
 

Valves, 111 plpl11Q' system, 392
 
Ventilation, 400
 
Ventun meter, 436
 
VesuvlU~ sulphur burner, 131
 
Vomit pipe, blow pIt, III
 

Wan paper, 52
 
weights, 53
 

Walpole outward flow rotary
 
screen, 2q2
 

Washl11g, In blow Pit, II.!
 
rags, 30
 
soda process, 149
 
sulphate process, ISo
 

Waste matenal, for paper stock,
 
12
 

Waste paper, de-inking, 3S
 
for paper stock, 32
 
grades••1,~
 
re-manufacture, 34
 
softemng, 38
 
sortmg, 33
 

Water, pUrification, 406
 
Water glass, 2'52
 
Water pipe, Fourdrinier machine,
 

specdleatlOns, 362
 
Water supply, ground wood mill,
 

J88
 

Welter supply, paper plal.t. 406
 
WeavlDi deVICl.3. 34M
 
Webb polper tester, 464
 
\\'ediC p)ntes furnace, 1+.+
 
\\ et felt, 308, 317
 
'tVet machme, uJ
 
. \\ hlte hquor." St't' \\ hlte Wolter
 

\Vhlte water," stock In, record, ~;o 
use, 236
 

\\ Idney paper te~tlng machmc, 4bJ
 
Willesden paper. ~9
 
\\ IlIow, cellulose pcrcentclge. 6
 
\\'Jllow," rag dU'llng machme, 25
 

\\ mestock l'r"(l '5, 36
 
Wmder. 339
 

speCIfications. 368
 
Wire. Fourdrlluer Srr Fourdrm


ler wire
 
WItham polper testtng machlm., 463
 
Witham screwless screen plate
 

fastener, 2~o.:
 

W;ltham-\Icl!.well save-all, .155
 
"ood, cellulose percelltelgc, 5
 

consumptIon, paper makmg, 9-10
 
by State:> J918, 10
 

Wood, ground Sll Ground \\ ood
 
\\ ood pulp. per ton paper, 70
 

weight of cord. 79
 
y1eld per tree, 71
 
pull? maktng properties, 13-19
 
quahty, for mechamcal pulp, J85
 
storage, 72
 

protection from flood, 389
 
varieties for various papel S, 8
 

W:>od pde, 7~
 
Wood pond, 79
 
Wood pulp Ste' Pulp
 
Wood room, 72
 
Wrapping, paper bundle~, 381
 
W rappmg paper. +t
 
'Yrltmg paper, 40 , 43
 

Yankee machine, J42 
Van c:11l evaporator, 1';7 

Zeohte proces", WAter purification,
 
409
 




