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FOREWORD 

In a  letter  to  the  Adrmnlstrator, Clnl Aeronautlcs  Admlnlstratlon,  dated 

Aprll 3, 1942, the mrector of  Base Sernces, Amy A n  Forces,  approved  the In- 

auguratlon by  the  Technlcal  Development  Dlvlslon, C l n l  Aeronautics hnistratlon, 

of an lnvestlgatlon  for  the  purpose of developing natural or synthetic  chermcal 

substances,  elther orgamc or lnorganlc,  that  would  be  effectlve  as sol1 stablllz- 

lng agent?  Endorsement of  thls  project  and  certlflcatlon  that It was of hlgh 

Importance  and  necessary  to  Natlonal  Defense  mere mven by  the  Secretary  of  War 

to  the  Secretary of Commerce In a letter  dated  Aprll 21, 1942. 

Slnce  thls  lnvestlgatlon 1s  classlfled  as  belng  of  as  emergency  nature, 

speclal  attentlon  has  been  glven to the follomng factors In the  selectlon  of  the 

varlous  subJects  to  be  studled 

1 Effectlveness  and  ease of applicatlon  of  the  materlal 
under  adverse  constructlon  condltlons; 

2. Fronmty of sources  of  the  materlal  to  areas in  whlch 
It may be  used, 

3 Ease  of  transportatlon  to the  slte  where the materlal 
may not  be  locally  avallable; 

L+ Quantlty of the  materlal  avallable for use 

The  flrst  phase  of  thls  study  to  become  sufflclently  concluslve  to  merlt 

formal  release was that  deallng n t h  the  propertles  of  stablllzlng  agents  derlved 

from roan Because  of  the outstandmg performance  of some of these materials It 

was deemed  advlsable to make  the  test  results  avallable to the  Armed  Forcgs  as 

expedltlously as posslble.  Consequently,  a  Speclal  Report  entltled “Sol1 Stablll- 

zatlon by the  Use  of  Rosin”,  dated  June, 1943 was  prepared  and  transmltted  to the 

various  rmlltary  services.  The data and  lnformatlon  contalned In thls  report  has 

now  been re-edlted  and is herewith  presented  as  Technical  Development  Note No. 34. 

The  laboratory expermentatlon was  conducted  under  Government  contract  by  the 

Umverslty of bhssourl, Columbia, M~ssourl 



SOIL STABILIZATION BY THE USE OF ROSIN 

SUMMARP 

Because  of  the  dvallablllty  of rosm 111 several zones of  combat, an mnvestlga- 
tion  was  conducted to detemne the  posslble  utlllzatlon  of  this  material  as  a sol1 
stablllmng agent. 

such or m t h  nood rosm whlch  had  been  partlally or completely  neutrallzed n t h  sedum-, 
potasslum-, or ammonium-hydroxlde. Also, the sol1 stablllzing  power of mnsoluble  rosin- 
ates  formed frm alkali rosm dlsperslons, by addltlon of salts  of  bl-  and  trl-valent 
metals,  was investigated 

A comprehenslve  serles of laboratory  tests  were  made n t h  wood rosm elther  as 

Tne  most  noteworthy  results of thls  lnvestlgatlon may be  summarlzed  as  follows 

1 The soil stablllzmng pmer of rosln  Increases n t h  decreaslng  partlcle 

throughout  the  treated s o l 1  
slze of the ros ln  and  depends on the  unlforrmty  of  Its  dls2erslon 

2 There  exlsts  an  optunum  ratlo  of  alkall  to  rosln n t h  respect  to 
stahillmng power. For the  sodlum  and  potasslum  rosln  compounds,  thls 
ratlo  appears  to  correspond  to  the  complex  salt  one rosmate - three 
rosln  aclds. For the ammonium rosm compounds,  good  results  are  ob- 
tamable over  a nder range of compositlon 

3 The  stabillzlng  power  of  alkall  roslnates,  even  those  of  the  optlmum 
alkah-rosln ratlo,  may  be  improved  by  flocculatlon In the so11 by 
means  of Iron  and  alurmnum  salts 

4 Of  the  roslnous  materlals s h m n g  good stablllemg effectlveness,  the 
s o b u m  r o s m  compound  correspondlng  to  a  complex  salt  of  one  sodlum 
rosinate  to  three rosm aclds IS produced  comnerclall ln  a powdered 
form by the  Hercules  Powder  Company,  Tiilrmngton, Del.{ Good stabil- 
lzatlon  has  been  obtalned 1 ~ 1  several  cases m t h  as lm an amount of 

nelght of  the sol1 Desplte  the excellency of thls  materlal,  there 
thls  materlal  as  two-tenths  of 1 percent on the  basls  of  the dry 

xlng agent  that  can  be  produced from  rosln 
IS conslderable  evldence  that lt does  not  represent  the  best  stabll- 

5 On the basu of the  results  of  thls  laboratory  study,  It  appears  that 
the s o l 1  stablllzlng  power  of rosmous materials  are  very  promlslng. 
O f  particular Interest  from  the powt of n e w  of  posslble  use for 
forelgn mlltary constructlon 1 s  the small quantltles of the  agents 
required On the  basls  of  unlt  welght  of  material  necessary  for 
successful  treatment,  roslnous  materlals  may  be 20 tmes more  effec- 
tlve than  cement  and 12 tlmes  more  effectlve  than  bltumen,  the  two 
agents now commonly  employed for sol1 treatment 

It IS not k n m  whether or not  thls  product is manufactured  at  the  present  tlme 
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INTRODUCTION 

Fundamentally, s o i l  stabllization is a  method  of  processing  available  materi- 
als  for  the  production of low-cost  roads  and  alrfields. It involves  the  manipulation, 

pacted  state  mithout detrmental change  in  shape or volume  when  subjeoted  to  the 
treatment,  and  compaction  of  a sol1 ln such  a  manner  that  it mill remain  in  its  com- 

stresses  imposed  by  traffic  and  the  dlsintergratmng  forces of  weather. 

use  of  sand-clay  mixtures In the  southern  states  Since  that  time,  through  extensive 
The  modern  development  of s o i l  stabmlization  dates  back  some 15 years  to  the 

experimentatlon  wlth  numerous  rmxtures  and  admixtures,  this  type of construction  has 
progressed  rapldly  until  today It 1s used  to  a  considerable  extent  for  temporary wear- 

most  commonly  employed  as  stabilizlng  agents  are  portland  cement  and  blturmnous  mater- 
ing  surfaces  and  for  base  courses  underneath bltdnous surfaces  The  admixtures nor 

ials  Both  of  these  agents  have  their Imitations of appllcatlon,  but  each  has  been 
proven  an  effective stabilizer when  applled  under  suitable  conditions. 

mith  the  responslbillty  of  bulldmng  roads  and  airfields  under  adverse  conditions  because 
of  two  factors  First,  it is a  type  of  construction  that  can  be  speedily cmpleted with 
a  minimum  of  heavy  equipment,  and  second, It utillzes  avallable  local  materlals  and  in 
this way minimizes  the  quantlty  of  materials  that  must  be  transported  to  the  project 
site. 

Soil stabilizatlcn is of  particular  interest  to  the  milltary  englneer  charged 

Because  of  the  avallabllity  of  naval  stores  products in several  zones of com- 
bat, It was decided  to  Investigate  the  efflclency  of  such  materials  when  used  as soil 
stabilizlng  agents. It was felt  that expermentation wlth  such  material  was  justified 
only  If  the  quantity  required  for  satmsfactory  results was 2 percent or less of the 
welght  of  the so11 treated Thls self-imposed  limit is several  times  less  than  the 
maxunum  percentages now employed In soll-cement  and  soil-bltumen  mixes 
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fectlveness  of  any  one  partlcular  material  Rather,  they  are  the  results  of  experl- 
The  data  presented  In  this  report  are  not  an  evaluation  of  the  stabilizing  ef- 

ments  performed  for  the  purpose of exploring  the  posslbilities  of rosin and  lts  deriv- 
atlves  and  should  be renewed in  this  llght 

DESCRIPTION OF MAEATERIALS 

Rosin 

trees  Accordlng  to  its  source, it  is  called  wood  rosin or gum rosin. Since  both  types 
Rosin is obtained  elther from  pine  stumps  and  top  wocd or from the  sap of living 

exhlblt  similar  characteristlcs, only wood rosin  was  employed  in  this investigation 

The  melting  point  of  rosin IS not  well  defined  but it softens  at  a  temperature 
of 70' to 80' C., becomes  semi-fluid  in  boiling  water,  and  melts  completely at a some- 
what  higher  temperature  It 1s a  transparent o r  translucent  material  with  a  specific 
gravity  of  approximately 1.07 The  color,  which is used  as  a  means  of  grading,  varies 
from  a  very  pale  amber  to  a  dark  reddish  brown. The letters of the  alphabet  are  used 
to  denote  the  different  grades,  whlch  vary  from  grade B, the  darkest  and  most  impure 

In thms Investigation, two s h l a r  grades,  Belro  and  grade B, were  used.  Since  their 
type, to PI PI , which IS water-white,  the  double  letters  being  used for special  grades 

the  two  different  grades 
propertles  vary  only slightly, no distinction  has  been  made  between  the  tests  using 

Naval  stores prducts are  materlals  derived  from  the  processing of either  the  oleo- 
resin  extruslon of certain  specles of pine  trees or the  stumps  and  top  wood  of  these 
same  trees  The  most  common  of  these  products  are  roain  and  turpentine. 
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Ellis3 states  that  the  principal  constituents of American  rosins  are  abietic  acid 
The  chermcal  compdsltion  of  rosin  haa been studied by many investlgators. 

general  formula  for  abietlc  acld is C20 H30 02 
(more  than 90 percent)  and  a small amount  of  non-acid  materials  called  resenes.  The 

represents  the milligrams of potassium hydronde needed  for  rapld  neutralization of 
Of  interest  for  chermcal  purposes IS the  acld  number  of  rosins.  This  number 

the rosln aclds  contained m 1 gram of rosln The  rosins  used in thls  investigation 
mere  assumed  to  have  an  acld  number  of 158 

plete neutraluation, are  soluble I n  mater I n  lom  concentration  but  form  gels  at  high- 
er  concentratlons. Amnomum roslnates m aqueous  solution  posses  a  greater  tendency 
to  gel formation than  the sodium and  potassium  roslnates It is clalmed  that  oxidation 
of  the rosln favors  the formation of m o n l u m  rosinates. 

Abietlc  acid  forms  salts mth  sodum and  potasslum hydronde whlch,  upon  com- 

Roslns form  Insoluble  salts n t h  bl-  and  tri-valent  metal Ions These  insoluble 
salts  can  be  easlly  obtained  by  adding  aqueous  solutlons  of  the  corresponding  metal 
salts  to  solutlons  of  alkall  roslnates  The  chermstry  of  these  salts  is  still  awaiting 
thorough  lnvest1gatlon Dnly such  compounds  as  are  of  Interest in the  manufacture  of 
s lz ing  for  the  paper  Industry  have  been  studled  to  any  conslderable  extent. 

The maJority of  the  experiments on the soil stablllzlng  effect  of  rosin  were 
conducted mth a  sllty-loam  type  of so l1  h o l m  pedologlcally  as  Grayson  silty loam and 

m t h  other  types  of solls, selected tests  were  performed  on 8 additional soils which 
designated In thls  report  as sol1 C In order  to detemne the  effectlveness  of r o s m  

vaned m type  from  sllty-sand  to  a  heavy soil contalning 40 percent  clap.  The  charac- 
teristlcs  of  the solls used  are  glven In table 1 and  the gram size-dlstributlon  curves 
are s h m  m flgure 1 

Reagents 

The  chermcals  employed  were  all  of  C P quallty  Distilled  water  was  used  in 
all  experiments, n t h  the  exceptlon  of  the  testa in whlch  sea  water  was  used. 

TESTING  PROCEDURES 

The  evaluation  of  the  effectlveness  of rosin as  a soil stablllsing  agent was 
done  by  means  of  strength  data  derlved from mconflned compression  tests on specimens 
2 Inches I n  dlameter  and 2 Inches m helght4.  The  test  specimens In which  lnsoluble 
roslnates  were  used  as  the  stablllzing  agent  were  formed by u l n g  the  rosln  disper- 

remalnmg sol1 These two  parts were combmed and  thoroughly mixed  just  prior to 
51011s m t h  one-half  of the s o l 1  requlred  to  form  the  specimen and  the  salt  with the 

compaction  In  the specmen mold. The mater  required was equally dlnded between  the 
two  parts.  Other  speclmens  were  prepared  by combmmg the rosln directly  aith  the 
total  amount of s o l 1  requlred A l l  speclmens  were  compacted  to  the  predetermined 
optmum denslty  and  then  cured by air-drylng  for 7 days  At  the  end  of  thls  curing 

Ellls, Carlton, 1935, The  Chermstry  of  Synthetic  Resins,  Reinhold Publishing 
Corporatlon. 

4 It had  been prenously found  that, m t h  the maJority of soi ls  used in this  Investi- 
gation,  speclmens  constructed m t h  a  height-dlameter  ratio of  one  gave  satisfactory 
results  for  comparative  purposes 
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pellod,  tests  mere  made to deterrmne  the  compressive  strength  of  the  alr-drled  specl- 
men8 and  of wet specimens  that  bad  been  subjected  to  the  follovlng  conditions: 

(b) One  cycle of netting  and  drying.5 
(a)  Complete  lmmerslon in laster  for 2 hours. 

(d) h e  cycle of freezing and tbawing 
(c) Four  cycles of wetting  and  drying 

(e)  Four  cycles  of  freezing  and  thawlng.7 

Unless  noted,  all  test  values  reported  are  the  average  for  tu0 specmens 

The  exactness n t h  which  the  results  obtained  from  these  tests  reflect  the  field 
performance  that may be  expected  from smllar ly  treated  soils IS, of  course,  question- 
able Hmever, since  the  procedures  used  do  reproduce  to  some  degree  the  types  of  de- 

means  of  obtainlng  laboratory  data  of  a  relatlve  nature 
structive  actlon  imposed  by  nature,  it IS believed  that  they  do  provide  an  adequate 

In reporting  the  test  data  obtained,  the  response  of  the  natural,  untreated 

herslon test - the  least  severe test  employed soils  have been ormtted  since  all such  specimens  failed  when  subjected  to  the  2-hour 

INFLUENCE  OF THE DEGREE OF  FINENESS  OF THE RCSIN 

caplllarles, or  to  the  formation of  a  water-repellent fllm over  the  internal s o i l  sur- 
Wether the stablllzmg effect  of  rosln 1s due to a  mechanlcal  blocking  of the 

faces, o r  both,  1s  not  fully !mown Hmever, In elther  case  it  is  reasonable  to  suppose 
that  the  size of the rosm partlcles  aould  be  of  conslderable  influence To evaluate 
this  factor,  tests  mere  performed m Irhlch  the rosm used  mas  of 3 degrees  of  flneness. 
These  different  degrees  of  fineness  mere  obtained by (1) mechanlcal  grlndlng  until 

line solutlon  by means  of and; and ( 3 )  the preclpltatlon  of the rosln from  an alcoholic 
the rosin  passed a two-hundred mesh sieve, (2) preclpltatlon of the r o s l n  from an  alka- 

solution  The  largest-sized  partlcles  were  obtalned by the  mechanical  grlnding  and  the 
smallest-slzed  by  the  preclpitatlon  from  the  alcoholic  solution.  Intermedlate-sized 
partlcles  mere  obtained by the  preclpitatlon  from  an alkalme solution, hmever, because 
of  the  posslble  formation  of rosmate-rosin complexes In thls  method  of  treatment,  the 
test  data  obtained  are  not  strictly  comparable  wlth  those  from  the  specimens  composed 

2. They  shon  that a  decrease In the  partlcle  slze  of  the ros ln  increases  Its  stablllz- 
of  rosin  prepared by  the  other  methods  The  results  of  these  tests  are  given m table 

ing  effect This increased  effectlveness 1s probably  due  to  the  tetter  dlspersion  of 
the  flner r o s l n  in the  soil. 

5 One  wetting  and drpng cycle  conslsted  of 5 hours mmersion m water  followed  by 43 
hours  oven-drying at 70" C. 

b One  freezlng  and thamng cycle  conslsted of 22 hours  of  freezlng  at -23" C followed 
by 22 hours thanng In a molst room Durlng  the thamng perlod  the  specimens  had 

7 The  results  of an extensive serles  of experments on  soll-cement  samples  have  shown 
access  to  moisture  by  caplllarlty 

force  of 4 cycles  of  wetting  and  drying o r  4 cycles of freezlng  and thamng 1s approxi- 
that, m t h  speclmens 2 Inches In hameter and 2 Inches In height,  the  destructlve 

mately  equivalent to 12 such  cycles on speclmens  of  the  standard  Froctor  size  (4.0-inch 
diameter  and 4 6-inch  height) 
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EFFECT OF TYPE AND AMOUNT OF ALKALI EMPLOYED 
I N  NEUTFALIZING THE ROSIN ACID 

ac ld  number  of whlch had  been e i t h e r  p a r t i a l l y  or completely  neutrallzed by the  addi- 
t i o n  of varlous  hydroxldes of a l k a l l  and a lka l ine   ear ths  The quantlty of hydroxlde 

number of the  r o s q  mhhlch, f o r   t h l s  mnvestlgatlon, was assumed to   be  158 The hydrox- 
r equ i r ed   t o   neu t r a l i ze   e l the r   a l l  o r  a pa r t  of the   ros ln   ac ld  1 s  based upon the  acld 

Ides of sodlum, potasslum,  calclum,  barlum,  and ammonium were  used i n  t h e s e   t e s t s  and 
were comblned m t h   t h e  r o s l n  m such  proportlons  as  to e v e   r a t l o s  of the  amount  of 
a lka l i   u sed   t o   t ha t   r equ l r ed   t o   comple t e ly   s a t i s fy   t he   ac ld  number  of t he   ro s in  of 
1 t o  1, 1 t o  2, 1 t o  4, and 1 t o  8. The quantlty of the  varlous  hydroxldes needed f o r  
complete neut ra l lza t lon  were computed t o  be 

Tests were conducted to  determine  the so11 s t a b l l l z l n g   e f f e c t  of rosin, t he  

Sodium hydroxide 11 3% 
Potassium  hydroxide 
Calcium oxlde 

1 5  G 
7 9% 

Barium hydroxlde 24 2% 
Ammonlum hydroxlde  solutlon 

(SP  g  of 0 9 )  17.2% 

Complete Neutralizatlon of Rosln Acid 

and a quantlty of varlous  hydroxldes  sufflclent  to  completely  neutrallze t b e  ro s ln  

made n t h  ammonlum hydroxlde, f a l l e d  when lmmersec In  water The poor s b m n g  of the  
acld,   are  shown m t ab l e  3 As may be seen from the   table ,   a l l   specmens,   except   those 

a l k a l l   r o s m a t e s  (sodlum  and potasslum) IS probably due t o   t h e l r   s o l u b l l l t y   I n   w a t e r  
The treatment of the rosms n t h  the  hydroxlaes of calclum and  barlum  formed ros lna tes  
t h a t  were lumpy and d l f f i c u l t  t o  disperse  throughout  the  soil  Thls d l f f l c u l t y  prob- 
ably  lnfluenced t h e  f a l l u r e  of these  specimens when lrrmersed In  water  The  ammonlum 
r o s l n a t e   r a y  be considered t o  be somewhat better  than  the  other  agents  tested 

The compressive  strengths of specimens composed of s o i l  G, 2 percent   rosm, 

Par t la l   Neut ra l lza t lon  of Rosin Acld 

t h e t  were  prepared  by  the  partlal   neutrallzatlon of the  rosin ac id  n t h   a l k a l i  hydrox- 
Ides The9e complex sa l t s   cons l s t ed  of  a ro s lna t e   ( t ha t   pa r t  of the  r o s l n  neutrallzed 
by  the  hydroxide) and t h e   w e a c t e d   r o s l n  The r a t l o  of roslnate   to   unreacted  rosin 

4 and 5 
depended upon the  quant i ty  of  hydroxide  used The resu l t s   ob ta lned   a re   g lven   in   t ab les  

Tests were  performed t o   d e t e m n e   t h e  sol1 s t a b i l i z i n g   e f f e c t  of rosm complexes 

Sodlum and potasslum  roslnates Tests were  performed on speclmens t r ea t ed  n t h  
2 percent  rosin and various quantities of sodlum  and potasslum  hydroxide  These  data 
show tha t   t he  complex r o s l n   s a l t  formea  by a p a r t l c u l a r   r a t i o  of rosln  to   hydroxide 1 s  
very   e f fec t lve   as  a sol1 stabl l lzer   Devlat lon from t h l s  ra t io  r e s u l t s  m la rge  de- 

favorably  treated  by  the complex ros lna te  formed by   the   reac t ion  of  one equivalent of 
creases   In   s t rength For the  potasslum  hyiiroxlde, 6 of the  8 s o i l s  t e s t ed  were  most 

In the  degree of neut ra l lza t lon   l rh l le   so i l  G showed an  optmum r a t l o  of 1 2 For 
hydroxlde m t h  f o u r  equlvalents of rosln  acld Sol1 V was l l t t l e   a f f e c t e d  by  changes 

the  tests on s o l 1  G emplopng sodlum hydroxlde, t he  most favorable   ra t lo  was 1 4 

noted  that   those  ln  the  lntermedlate range, 1 e , those  not  containmg  an  excess of 
With  regard to   the  response of t he   d l f f e ren t  5011s to   t reatment ,  It nll be 

sand o r  an  excess of clay, were m o s t  benefited 

Ammonium roslnate  Tests were  conducted to   de te r rmne  tbe   s tab i l lz lng   ab i l i ty  
of ammonium ros lna tes  These rosma tes  were  formea  by the  react lon of r o s l n   m t h  each 

fermented  urine The e x p e r m e n t s   m t h  t h e  hydroxlde show t h a t  a va r i a t lon  m the  
of the   fo l lomng  amonla  compounds ammonium hydroxlde,  amonlum  carbonate, and pa r t ly  

r a t l o  o f  the  hydroxlde  to  the  acld number  of the  rosm, I n   c o n t r a s t   t o   t h e   r e s u l t s  
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mum r a t i o   a t  which the  compresslve  strength i s  considerably  higher than a t  any  other 
obtained from the Sodlum and potassium  rosinate,  does not produce a well defmed  optl-  

r a t i o  This e f f e c t  may be explained  by  the  fact   that   since  the ammonium 1 s  v e q  vola- 
t i l e ,  quant i t les  used m excess of the  optimum will, over an extended  perlod of time, 
be l o s t  f r o m  the  sol1 by evaporatlon, and m t h l s  way the same stabilizing pmer  m11 
probably be a t ta ined  as if the  optimw  proportions had been  used The v o l a t l l l t y  of 
the  amonium affords it a d l s t l n c t  advantage  over  the  other  alkahs,  I n  t h a t  It ac t s  
as a  good dlspersing  agent whioh after  drying  does  not  leave a soluble and water- 
attractlve  residue  behind 

The experlments  conducted w i t h  amonlum  carbonate  dld  not  give  as good r e s u l t s  
as  those  conducted n t h  the  hydroxlde  Theoretically,  the  action of  ammonlum carbon- 
ate on the  rosin 1 s  conslderably  different  from t h a t  of the  hydi-oxldes. In su f f l c i en t  
experlments  were  conaucted to   fu l ly   exp la ln   t he   ac t lon  o f  the  carbonate 

Tne fornatlon of ammonium ros lna te  by reac t lng  r o s m  and p a r t l y  fermented 
urine is feaslble  but,  because of t h e  problexr lnvolved in the   col lect lon and storage 
of the  requlred  quant l t les  of ur ine,   th ls   type of treatment was consldered  Impracticable 

EFFECT OF VARIOUS SALTS ON THE EFFECTIVENESS 
OF ROSIN DISPERSED I N  DIFFERENT  HYDROXIDES 

been  found t o  depend on t h e  degree of dlsperslon m the sol1 system  and on the  water 
a f f i n l t y  of the deposited  materlal  It was therefore   declded  to   mke  tes ts  in whxh 

pound, and then  rendered  insoluble by  exchange reac t lon   wi th   sa l t s  of bi-  and tri- 
the r o s m  was f lrst  dispersed In the  sol1 as a  more o r  less   water   soluble   a lkal l  com- 

valent  metals The insoluble   rosmates  used in t h e   t e s t s  were  formed  by the  f loccula- 
t i o n  of sodium,  potassium, and ammonium ros lna tes  by the  addl t ion of t h e   s a l t s  of cal-  
cium, barium, aluminum,  magnesium, i r o n  and zlnc. The amount of a l k a l i  used  corres- 

requlred t o   s a t l s f p   t h e   a c i d  number of the rosin. The amount  of s a l t  used i n  each  case 
ponded t o  t h e   f u l l  amount, t o  one-half, and t o  one-fourth,  respectlvely, of t h a t  

was equlvalent t o  t he  amount  of a l k a l i  employed. The percentages of a lka l i   per   d ry  
weight  of ro s ln  employed f o r   s a t l s f a c t i o n  of the  acid number, and the  corresponding 
amounts of salts a re   g iven   be lm 

From e a r h e r  experiments ,   the   s tabl l lz lng  eff ic lency of  roslnous  materials had 

Percent 
( ~ y  w t  of ros in)  

NaOH 
Base KOH 

11.3 
15.8 

NF? 4.8 
CaC12 
BaC12 

1 5  7 
29.6 

S a l t  nlCl3 6H20 22 6 
37 0 
39 2 
LO 0 

FeSO4  .7H20 

Base 
NaOH 
KOH 

11.3 

NF? 
15.8 

CaCh 15 7 
4.8 

The data  obtained from specmens  prepared from soil 0,  In which the  above-named 
s a l t s  were  used to   f loccula te   comple te ly   neut rahzed  sodium, potasslum and ammonium 
ros ina ta  solution, are  given i n  t ab l e  6 

s a l t s  were  the  best   stabil izing  agents Consequently, the   e f f lc iency  of l r o n  and alu- 
These t e s t s  showed tha t   t he   ro s lna t e s  formea  by the  use of iron and aluminum 

minum roslnates  prepared from rosin dispersions i n  potasslum  hydroxide  solutlons was 
determined  for  varlous  types of soils 

t o   v e t t i n g  and drying was obtained when the  mount  of a l k a l i  and t h e  corresponding 
mount of s a l t  was i n  the ratio of 1 t o  4 a l th   r e spec t   t o   t he   ac id  number  of the rosin 

The resul ts   obtained from these   t e s t s   a r e  s h m  in t ab le  7 Best res l s tance  
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However, t he  specimens mahng the   bes t   shomng  durhg   the   f reee lng  and thamng tes t  
had a lkah -ac id  number r a t l o s  of 1 t o  2 o r  1 t o  1 These r e s u l t s  may be explained by 
t h e   f a c t   t h a t   t h e   r e a c t i o n  between a lka l l   r o s lna t e s  and metal s a l t s   r e s u l t s   I n   t h e  
formation of so luble   sa l t s  t h a t  possess a g r e a t   a f f m l t y   f o r   w a t e r  The quant l ty  o f  

property of t h e   s a l t  lowers  the  resistance of the  so11 t o   w e t t m g  and d rpng ,   In   t he  
these salts  present 1 s  proportlonal  to  the amount of a l k a h  and s a l t  used While t h l s  

not  freeze and, therefore,  the  system 1s l e s s   a f f ec t ed  by low temperatures. 
case of freezlng and thamng   t e s t s  It t ends   t o   bud   t he   wa te r  so s t rong ly   t ha t  It does 

sa l t s   mproved   the   s tab l l lz lng   e f f lc iency  of even the  best   potasslum  rosln complex 

Such t rea tment   mth   these   meta l l lc   sa l t s   no t   on ly  is feaslble   but  would be 

It appears t o  be of spec la1   In t e re s t   t ha t   t r ea tmen t   mth   I ron  o r  alurmnum 

econormcal In   a reas   In  whlch the  salts exls t   Ferrous  sulfate  IS a waste  product  from 
a  number o f  mdus t r l e s ,  such a s   t he   pa in t  and s t e e l  mndustry,  and probably IS e a s l l y  
aval lable   c lose t o  any industrial center Thls sa l t  1s a l s o  found In   na ture ,   e l ther  
m c r y s t a l  form or  dlssolved I n  water, I n  t h e   v i c i n l t y  of Iron mmes Alurmnum chloride 
is used I n   t h e  anhydrous  form i n   t h e   r e f l n l n g  of  petroleum  products As soon as It has 
absorbed  water It becoxes  unusable f o r  t h l s  spec l f i c  purpose,  representlng a waste m 
t h a t  industry, and  would  be ava l lab le   for   use  Ln s o l 1  s tabl l lzat lon  construct lon 

EFFECT OF POWDERED SODIUM ROSINATE COMPOUND 
(ONE SODIUM  ROSINATE - THREE ROSIN ACIDS) 

prepared i n   s l t u  m the  soll, lt was decided  to  lncorporate  the powdered form of t h l s  
Because of the  remarkable  results  obtalned n t h  the  1 3 scdlum ros ln  compound 

compound n t h  the  so11 i n  varlous  percentages and note i t s  s t a h l l l z l n g   e f f e c t .  'Ihls 
part lcular   substance was furnlshea by the  Fercules Powder Company of Wllrmngton,Del. 

I n   t h e   l a t t e r   b y   d r y   m u r n g  This was followed by wet mmng   a f t e r   add i t lon  of mter 

v lous ly   de temned  Proc tor   dens l ty  Tne amount  of s t a b l l l a e r  employed v a n e d  from  about 
corresponding  In amount t o   t h e  optlmum moisture  content, and by  compactlon t o   t h e  pre- 

0 2 percent   to  1 2  percent on the   bas i s  of the  dry  welght of t he  sol1 The r e s u l t s  of 

l na l ca t e  a very  remarkable  stabll lzlng power  of thls  substance  at   the  lowest  percentages 
t h e   t e s t s  performed on two s o l l s  (E ard C )  a r e   e v e n   i n   t a b l e  8. The data  obtained 

employed From theoretical conslderations It appears  probable  that even t h l s   s t a b l l l z -  

water   Experments   tes tmg t h l s  hypothesls  are ncw bemg  conducted. 
m g  power may be increased  by  additlon of very small amounts of  ammonla t o   t h e   m u n g  

The powdered substance was added dry   to   the   pu lver lzed  sol1 and wel l   d l s t r lbu ted  

Because of the   exce l len t   resu l t s   ob ta lned   mth   th i s   mater la l ,  it appeared de- 

t h l s  type of s o i l  treatment m order t o  be a b l e   t o  make s lmla r ly   ac t lng   subs t ances  
s l rab le   to   formula te  a t heo re t i ca l  concept of t h e   s t a b i h z l n g  mechallism occurring I n  

from a l l  types of na tura l  and a r t i f l c l a l   r e s inous   ma te r l a l s .  As f a r   a s   t h l s  mechanism 
IS concerned, It is m d l c a t e d   t h a t   t h e   f o l l o n n g  phenomena play  an  Important  role 

c l ay   pa r t l c l e s  and thus  perrmt  the  formation, by compactlon, o f  a denser  system  havlng 
a smaller  permeabill ty  Thls  lat ter 1s a lso   decreased   i f  a sodlum lon  1 s  t ransfer red  
from t h e   r o s l n   t o  a c l ay   pa r t l c l e  by  exchange reac t lon  As a r e s u l t  of these  reactlons 

physlcochemcal  factors 
the  penetrat lon of water   Into  the  t reated s o l 1  is impeded  by mechanlcal as wel l   as  

1 The s l i g h t   a l k a l l n l t y  of the  stabilizer nll tend  to   disperse  t h e  aggregated 

of   the  a t t ract lon of t he   In t e rna l  so11 sur face   for   water ,   th l s   a t t rac t lon  1 8  c lose ly  
r e l a t e d   t o   t h e  amount and klnd of exchange lons  present m the  s o i l  I f   tFe  r o = m  sub- 
s tance  enters   Into  any  dlrect   react lon n t h  the  s o i l  c o n s t l t u e n t s   a t   a l l ,  t h e  most 

decrease  of  the  accesslbil l ty of these  lons and, t he re fo re ,   i n  a decrease of ,he 
probable  reactlon 1s n t h  the  exchangeable  ions T h l s  reac t lon  would r e s u l t  - n  a 

a t t rac t lon   forces   for   water  It 1s  not  suggested t h a t   a l l   t h e   m t e r   a t t r s c t l o n  cen- 
t e r s  on the  s o l 1  cons t i tuents  a r e   s h e l d e d  by t h e  s t ab l l l ze r ;   r a the r ,  a c e r t a m  number 

2 The de te r lo ra t lng   e f f ec t  of water on s o l 1  1 s  t o  a great   extent  a flmctlon 
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f o r  the cohesion and the  consistency  propertles of t h e  t r ea t ed  soils 
of these must be consldered  unshielded or  only par t ia l ly   sh le lded  in order t o  account 

EFFECT OF VINSOL RFSIN 

Vmsol resm 1 s  a product of the  Hercules Powder  Company, Wiilmington, Del. 
Slnce It i s  a reslnous  material ,  It appeared desirable t o  compare i t s  sol1 s t a b i l i s l n g  
a b l l l t y   m t h   t h a t  of ro s ln  Consequently, tests were performed  TI whhlch sol1 G wa8 
t r e a t e d   m t h  2 percent of vinsol, n t h  and without  the  addltlon of a l k a l l .  The t p s  
and amounts  of a l k a l l  used were 1.7 percent o f  scdlum hydroxide and 2.4 percent of 
potasslum  hydroude  (based on m l g h t  of r o s l n )  These  amounts  were ln a r a t i o  of a p  
proximately 1 t o  4 of the  amount requlred t o  completely  satlsfy  the  acld number  of t h e  
vinsol. The r e s u l t s  of these experiments  are  glven m t a b l e  9 

Because of the   super ior   s tab i l iz ing   e f fec t iveness  of inso luble   ros in  salts pre- 
pared by the   f loccula t ion  of a lka l i   r o s lna t e s  n t h  i ron  and aluminum salts,  correspond- 
lng experiments were made n t h  vlnsol Two percent of vlnsol, dlspersed in varlous 
percentages of potassium  hydroxide (15.8, 7.9, and 4 0 percent - 10 percent  required 
f o r  satisfaction of acid number), pras used The amounts of I r o n  and alurmnum salts 

mere made with  both so l l s  G and N. Table 10 shows the  resul ts   obtained 
Used nere equivalent t o  the  amount of potassium  hydroxide in the  system. The tests 

l r l th   the   spec l f lca t lons   i s sued  by the  producer f o r  soil treatment n t h  vinsol. The 
All specimens mde  with vlnsol alone were  compacted  and cured m compliance 

molsture of compaction was consequently 90 percent of the  Proctor  value, and the test- 
ing was s t a r t e d  when the  samples st111 contamed 60 percent of the optimum molsture 
content In c o n t r a s t   t o  t h l s  procedure,  the  specmens  treated n t h  men and alurmnum 
salts were a l r -d r i ed  f o r  7 days before t e s t m g .  

Commenting on t he   r e su l t s  s h m  IU t ab l e  9, i t  i s  apparent   that   the   addl t ion 

due t o  the  formation of a complex sal t  of the alkall n t h  the vinsol, or only t o  a 
of a l k a l i   t o   t h e  soil-rosm system has a benef lc ia l   e f fec t .  Whether this   inf luence i s  

be t te r   d i spers ion  of t h e  rosln, 1s no t  revealed by the  data   aval lable  

from specimens t rea ted  mth rosin and n t h  the  msoluble  compounds of vlnsol with iron 
and alllmlnum, It must  be kept in mind tha t   t he   l a t t e r   specmens  were completely  alr-dned 
before  being  subjected  to  the  tests.   Alr-drled  vmsol-treated  speclmens do not, normally, 
stand up upon l m e r s l o n  in water. Any specimen t reated  with r o s l n  and givlng any wet 
s t rength  a t  a l l  must, therefore ,  be consldered  superior  to a vinsol- t reated speclmen of 
comparable  composltion. 

If the  results  obtained  with vlnsol alone  are t o  be compared n t h  those  obtalned 

The data ( t a b l e  10) show t h a t  insoluble m s o l  resinates  prepared by the  floccu- 
la t lon   o f   an   a lka l l   ros lna te  n t h  I ron  and alurmnum salts are  conslderably more e f f ec t ive  

about 8 percent of potasslum hydroxide and the  corresponding amount of l r o n  s u l f a t e  
stabll ising  agents  than  untreated vinsol  Best   resu l t s   for  sol1 G were obtalned n t h  

A sdlar optimum appears t o  exlst In the  case of aluminum chlorlde 

those  obtamed w i t h  sol1 G. However, conslderlng  that   the normal treatment n t h  vlnsol 
does  not  give water resis tance  to   the  an--dr led sol1 samples,  the  data  obtained n t h  
s o i l  N ln&cate   tha t   the  s o l 1  s t a b l l l z m g  power  of n n s o l  was deflnl te ly   Increased by 
this type of treatment. 

The test da ta  f o r  the  specimens  prepared n t h  s o l 1  N were not as prormslng as 

EFFECT OF SEA WATER 

be d ~ f l c u l t  t o  obtain,   experments mere conducted t o   d e t e m n e   t h e   e f f e c t  of sea  water 
Slnce m some areas where a i r f i e l d  construction is contemplated  fresh  water may 

*en used In ros in-so i l   s tab l l iza t ion .  These t e s t s  were designed to   evaluate   the change 
in effect lveness  of  t h e  ros in  when var ious  qnant l t ies  of sea water ( i n  p ropor t ion   to  
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fresh  water) were used. Alao, t he   e f f ec t  of soil type was deternlnad by the  use of 

was used. 
sFX d l f f e ren t  solls A r t i f i c i a l  sea rater consis t ing of the f o l l d n g  cons t i tuents  

S a l t  gramsfiiter mols/ l l ter  

NaCl 27.5 
0.705 

4.7 
6 8  

1 85 

0.5035 
O.oOs5 
0.0334 
0 0191 
0.0109 

water  used was v a n e d   f o r  two d d f e r e n t  baslc dispers ions of the  rosin, are given i n  
t ab le  U. In  most cases,  the  use of sea  water i n  any amount decreased  the  compressive 

res i s tance  of the  specimens t o  ne t t i ng  and drying and freezlng and thawing. 
s t rength  of the  specunens. However, n t h  cer ta in   so l la ,   the   sea  mter increased  the 

The results obtalned from t e s t s  on f i v e  soils, i n  which the   quant i ty  of sea 

Consldering a l l   fac tors   Involved ,  It appears  that  sea water can influence 
rosin s t a b l h z a t l o n   b e n e f l c l a l l y  o r  adversely,  dependlng upon the  soil condltlons and 
the  type of destructlve  weathermg  agencies  encountered. For thls   reason,  when t h e  
use of sea  water 1 s  contemplated,  preliminary  tests  should be performed i n   d i c h  i t s  
e f f e c t  can  be  determined 

!&WFACTUEE AND A V A I M I L I T Y  
O f  

NAVAL ST- PRODUCTS 

Manufacture of Rosin 

Rosin is  obtained  e l ther  from pme stumps  and top  wood, or  from the  sap  of 
l l v l n g   t r e e s .  According to   the  source,  It IS ca l led  n o d  ros in  or gum ros in  

Extraction of wood r o s m .  The extraction of rosm from the  pine stump and f rom 
top  wood i s  being done i n  two d i f f e ren t  ways The o ldes t  method employs heat ing and 
charrlng of  the woody mater la ls .  The v o l a t l l e s  produced,  such as water, wood alcohol, 
ace t l c   ac ld  and others ,   are  condensed  and recovered. The p i tch  and r o s m  collect  a t  
the  bottom of the   k i ln  m which the  destruct ion of the  wood takes  place and a re  con- 
ducted  lnto  vats ,  where the   d i f fe ren t   mater la l s   separa te  by g r a n t y .  

A more recent  process makes use of  ground wood  The turpent lne is d i s t i l l e d  
off  mostly by  steam. The remaxung wood is then  extracted 9 organlc  solvents These 
solvents  are m the  mam d l s t l l l a t e s  of petroleum o r  of coal  tar. The solvents  are 
recovered   by   d l s t l l l a t lon  from the  rosm, which remains i n  the  s t i l l .  The rosin i s  
then  run m t o  ba r re l s  m w h x h  i t  is shlpped 

ExtraCtlOn of gum rosin V-shaped cu ts   a re  made into  the  trunk of pines to 
obtaln  the  sap of t he   t r ee  The sap 1s general ly   col lected i n  cups which a re  em9tied 

average p e l d  per cup 1 s  about 6 4 2  pounds per season  Recently It  has been s h m  
every 4 weeks durlng  the  season. The season   las t s  from e a r l y   s p r m g   u n t i l   f a l l .  The 

a n d .  B ~ s h ~ n g  n t h   d i l u t e   s u l p h u r l c   a c l d   h a s  been  proposed The col lected  sap IS 
t h a t   t h e   p e l d  of rosin can be mater la l ly   mcreased by  keeplng  the wound of t he   t r ee  

f l l t e r e d   o f f  and d i s t l l l e d .  Steam d l s t l l l a t l o n  or  d l s t i l l a t l o n  under  constant  addition 

m t h  about  20qpercent of turpent ine About 68 percent of the raw materials represent- 
of mater 1 s  used The sap   pe lds   app roxmate ly  12 percent of water, mhlch d l s t i l l s  off 

ing  the r o s m  remaln a8 residue m the  s t i l l .  The ros in  IS then run In to   bar re l s .  
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Other   sources   for   rosm  a re   the   su l f i te   l iquor  of the  pulp and paper  manufacture,  and 
p i t s  from filch  dlscarded rosin can be recovered  In some p laces ,   re la t lve ly   l a rge  
amounts of r o s m  were dlscarded a t  times when t h e  productlon of tu rpentme was the main 
object and the   ros in  was considered a5 a waste  product 

Aval lab l l i ty  of Rosln 

The quant l ty  of rosinous  materlal   requlred  for  the  construction of an emergency 
or temporary a l r p o r t  1 s  r e l a t l v e l y  small For a f l l g h t   s t r i p   s u f f i c l e n t l y   l a r g e   t o  

b l l l a e r  knomn a t   t h e   p r e s e n t  tame about 30 tons ( 2  percent by weight of sol1 t r e a t e d )  
accommodate f lghter   planes (4000' x l 5 0 ' ) ,  it appears   tha t   mth   the   bes t   ros innus   s ta -  

1s r e q u l r e d   t o   t r e a t   t h e  s o l 1  t o  a depth of b Inches  Slnce  this amount is not   large,  
many areas   In  whlch the  productlon of ros ln  is usual ly   consldered  mslgmflcant  from 
the  polnt  of n e w  of  world t r ade  may have suf f lc len t   capac i ty   to   supply   the  needs of 
constructlon  proJects The fo l lomng   t ab le  shows the  leadlng  rosln-producmg  countries 
and the l r   ou tput   for  1937-38 

Estimated 1937-38 Productlon  of Rosln5 

Country 

United S ta t e s  
France 
Spain 
Portugal 
Greece 
Austria 
Mexico 
Poland 
Indla 
Germany 
Russla 
Sumatra 
Mlscellaneous 

- Rosin  (Tons) 

595,500 
112,500 
41,000 
54,250 
26,750 

5,425 
20,925 
20,825 
7;250 
4,175 

66,725 
3,725 
7,750 

duced i n  Norway, Sweden, Flnland,  Algerla, and  Madagascar  While the  production  capacity 
of these  countrles 1s not  avallable, It is bel leved  that   there  e x ~ t s  an amount su f f i -  
c ien t   for   the   cons t ruc t lon  of emergency a l r f l e l d s  and roads 

In   addi t ion   to   the   count r les  mentloned  above, It 1s  repor ted   tha t   ros ln  IS pro- 

fen  years  untll, a t  the   p resent   tune ,   they   a re   ab le   to   fu l f l l l   then   en t i re   domest lc  
demands Chief centers of  productlon  are a t   J a l l o   I n   t h e   h J a b  and Browall and 
Barielly  In  the  Unlted  Frovlnces Undoubtedly, some of t h l s  material  would be avail- 
ab le   fo r   u se   i n   so l l - s t ab l l l za t ion   cons t ruc t~on  

The naval   s tores   Industry of Indla  has been  expanded conslderably  In  the past 

Manufacture of Vmsol  Resin 

IS obtained, m addl t lon  to   other   mater ia ls ,  I n  the  extract lon of  pine stumps m t h  
benzol From the  resulting solution, the  benzol,  the  turpentlne,  the  oleorosms and 

n t h  a m u t u r e  of  hydrocarbons  and f u r f u r a l  whlch are  mutually insoluble Tne rosin 
o the r   ma te r i a l s   a r e   d l s t l l l ed  off The resldue  contalnmg rosin and vlnsol  1 s  t rea ted  

dissolves  ln  the  hydrocarbons,  the  vlnsol  In  the  furfural. The respective  solutlons 

Vmsol   res ln  IS a product of the  Hercules Powder  Company,  Qhlmlngton, Del. It 

Van Romame, Eldon, 1939, Naval S tores  1919-39 Chenucal Indus t r ies  @. 
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after  the  dlstlllatlon  of  the  hydrocarbon  solutlon,  the nnsol, the  dlstlllatlon 
are  separated  as In a  separatlng  funnel  The  wood rosin represents  the  resldue  left 

resldue  from  the  furfural  The  iurfural  and  the  hydrocarbons  are  recovered  for  further 
use. 

Llebermann-Storch  reactlon It 1s generally  assumed  that  it 1s  contamed In  the  wood 
as such  and 1 s  recovered  almost  unchanged  The  constltuents of nnsol appear  to  be  of 
phenohc character  and  to  be  related  to lmgnln It may contam abletlc  acld  only  as 
an mpurlty 

Vlnsol l s  classlfled  as  a  resln  and  not  as  a  rosln  because It does  not  glve  the 

Analysls  shows  that It has  a  very  hlgh  content  of  oxygen  as  compared m t h  the 
oxygen  content  of rosm 

The  acld  number  ana  the  saponlflcatlon  number  of  vlnsol  are of the  same 
lmportdnce as the  respectlve mdlces for  roslns The acld  numbers f o r  pure  abletlc 
acld, FF-wooa rosln,  and  vlnsol  are  about 184, 158, and 100, respectlvely 

structural  materlal,  and  the  strength  of  the  resultlng  mass 1 s  entlrely  dependent  upon 
the  strength  characterlstlcs of the  untreated s o l 1  However, It does  lmpart  a  degree 
of water resutance to  the so l1  that m some  cases 1s sufflclently  beneflclal  to p e m t  
Its use as a  temporary  pavlng  materlal  Laboratory  and  fleld  tests  have  shown  that 
thls  materlal 1s effectlve  only n t h  the  better  types  of s o l l s ,  and  even  vnth  these 
the  soil-molsture  content  must  be  held  rvlthln a partlcular  ranre  If  a  satlsfactory Job 
IS to be  obtalned  With  regard  to  thls  molsture  content  range,  the  producers  of  vlnsol 
speclfy  that  the  treated s o l 1  shall  be  compacted  at  a  molsture  content  of 90 percent 
01 Proctor's  optlmum It has  been  found  that  molsture  ln  excess of thls  amount  renders 
the  vlnsol  less  effectlve.  In  addltlon to this  requlrement.  the  treated sol1 mass 

The  actlon  of  vlnsol  when  Incorporated m the s o l 1  does  not  produce  a new 

must  be  cured  untll  Its  molsture 1s approximately 60 percent  of optmum before maximum 
effectiveness 1s obtalned 
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TABLE 1 

PHYSICAL-CHmCAL  CHARACTERISTICS OF THE DIFFERENT SOIL? 

T r 
A 

~ 

L L  P L  3 Grav l ty  I % 
S p e c l f l c   M a t t e r  

Organx  Lux - 
P I  

Grada 

Sand S l l t  

39 41 
45 30 

77 
3 I  7 1  

Base Ex. 
Capacl ty  
(1) 

9  28 
5.67 

B e 4  

17 e 86 
8 7 1  

10 1 5  
16 74 
13 59 
18 48 

19 .O 

22 5 
77.1 

23 0 
25.0 
31 8 
37.1 
45 0 
53.5 

17 0 
18 1 
18 3 
18 0 
18 6 
70.1 
18.4 
15 0 
77 4 

4.0 
7 0  

4.7 

6.4 
5.0 

11 7 
13.7 

31  1 
76 0 

I 7 65 I 1.00 
14.4 7 66 1.36 

15 .3  1 7 63 1 2 47 16 3 7 64 1 47 
1 5  6 7 65 1 38 

15.6 7 65 1 79 
17  6 7.68 1 95 

14.5 7 68 1 37 
17 I 1 

TABLE 2 

EFFECT OF  THE  DEGREE  OF FINENESS OF THE ROSIN 
r T I Compres s l v e   S t r e n g t h  

P repa ra t lon  of  
Rosm 

Flneness  1 - w  t . I 
L 

Mechanlcally  ground 
P r e c l p l t a t e d   f r o m  
b a s l c   d l s p e r s l o n  
by a c l d  

P r e c l p l t a t e d   f r o m  
a l c o h o h c   d l s p e r -  
s l o n  by water  

Coarse 

mediate 
Inter-  

95 

184 

Flne  705 
L L 

-- S p e c m e n s   f a d e d  
Batch  Composltlon 5011 G - 79 Rosln 

TABLE 3 

EFFECT OF COMPLETE m T R A L I Z A T I O N  OF THE ROSIN 
A C I D  BY ADDITION OF VARIOUS  BASES 

Kmd and Amount Compresslve  Strength 

Ple t 
of Base (1) 

I 

lbs/sq In 

11 3% NaOH 
1 5  F$ KOH 

810 
701 

7 9% CaO 727 __ 
74  7% Ba(0H) 850 
17 2% NH4(OH$ s o l u t l o n  i 856 64 

-_ 
-_ 

-_ 

I s p g  = 0 5  

-- S p e c m e n s   f a l l e d  
(1) Amount based  on w t  of r o s m  
Batch  Composltion  Soli  G - 2% Rosln - kind  and amoun t  
of   base as shorn  
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TABLE 4 

EFFECT OF  DIFFERENT DEGREES OF NEUTRALIZATION OF THE 
ROSIN ACID BY THE ADDITION OF VARIOUS BASES - 

s 011 

- 

G 

- 
B 

E 

L 

N 

- 
B 

E 

L 

N 

G 

N - 

NaOH 1 'i 
1 5  5 
11 5 

7 74 
3.78 

15 5 
11 5 

NH40H 7 74 

Solution 
3 78 

s p g o 9  
15 5 
1 1 5  

3 78 
7 74 

1 5  5 
11 5 

7.74 
3 78 

T 
h o n i u m  

Carbonate 

3L 0 
26.0 
1 7  0 

8 5  

34 0 
26 0 
17 0 

8 5  

34 0 

17 0 
26 0 

8 5  

34 0 
26 0 
17 0 

8 5  

R a t l o  
Base to 
Rosm (2) 

11 
1 2  
1 4  
1 8  

4 4  
3 4  
2 4  
1 4  

4 4  
3 4  
2 4  
1 4  

4 4  
3 4  

1 4  
2 4  

4 4  
3 4  
2 4  
1 4  

4 2  
3 2  
2 2  
1 2  

4 2  
3 2  
2 2  
1 2  

4 2  

2 2  
3 2  

1 2  

4 2  
3 2  
2 2  
1 2  

A l l  unnewj 
3 1  
1 1  
1 3  
1 8  

Urine 

All urinerr, 
L 

-- Snecimen f a i l ed  
v h e  t e s t  only 

x+ Amount of urine used  corresponded t o  

- C 

- 
810 
912 
959 
915 

408 
497 
bo7 
625 

591 

654 
575 

597 

476 
527 

470 
494 

LO59 
uoo 
1254 
970 

301 
305 
400 
393 

491 
551 
531 
684 

316 
338 
416 
492 

1038 
990 

1026 
1043 

- 

- 

- 
769 
899 

978 
625 

815 

1364 - 1 

pres 
Met 
- 
-- 

127 
379 
120 

189 
2L2 
263 
252 

373 
355 
3 87 
379 

113 
200 
357 
33 6 

158 
124 
211  
91 

- 

- 
-- 

120 
27 

60 

-- 
20 
- 

244 

_ _  - 
187 
45 

- 

138 - 

ie St: 
Wet 

1 W-D 

~ 

~ 

__ 
124; 
117 __ - 
231 
236 
u1x. 
190 

266n 

44 
50 

23 

46 
199 
363 
25 

-- 

168 
__ 
_ _  

- 
A 

.- 

A 

- 
Batch  Composltmn 

2% Rosm - Type of s o i l  and type 
and amount of base as s h o r n  

1 

11 speclmens f a i l e d  upon 
immersion m water 

11 speclmens f a i l e d  upon 
mmerslon i n  water 

e l the r  a l l  o r  a portion of  the l l q u t d  
required t o  produce optimum molsture 

(1) Based on welght o f  r o s l n  
(2) Rat io  of amount of base used t o  amount 

required t o  completely  satlsfy  the acld 
number of the  rosin 
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TABLE 5 

E F F E C T   O F   D I F F E R E N T  DEGREES OF  NEUTRALIZATION  OF THE R O S I N   A C I D  BY THE 
ADDITION  OF  POTASSIW HYDRCXTDE  SOLUTION - DIFFERENT SOIU 

1 5  8 
P 

1 1  
7 8  

3 70 
1 2  

4 0  
350 

1 4  322 

1 5  -8 1 1  
B 

435 
7 8  
4.0 

1 2  524 
1 4  471 

E 
1 5  8 1 1  

7 8  1 2  
602 

4 0  
627 

1 4  719 

1 5  8 1 1  592 

I I 

v 
1 15.8 

7.8 I 754 
743 

I I I 

Zompresslve  Strength In lb/sq In 
Wet Wet  Wet  Wet 

1 IA-D 4 W-D 1 F-T 
I , 1 _- _ _   _ _  _ _  __ 

105 
5 

37 
3 

18 14 

41 6 
279 216 1 5 5  

635 13 
114 

285 282 180 120 

16 7 
85 37 

6 25 
6 

487 113 9 
39 
37 

-- 

14  
24 

192  189 
41 13 3 

13 5 25 

__  __ _ _  

__ -_ __ 
445 304 
226  32 

269 55 
I 28 

__  

4 F-T 
Wet 

40* 
50 
38 

6 

11 
7 

_- 
3 
5 

All samples  falled when submerged 
In water 

20 I -- I -- I -- I -- 

322 -_ 6 i  3jt 
373 
437 

5 3’k -_ __  61. __  
136 
166 

All samples f a l l e d  In the 

162 
wettlng a?d d r p n g  and 
freezlng  and thamng cycles 

__ 
-_ -_ 

-- Speclmens  falled 
One test  only 

(1) Base  on  rielght of rosm 
(2) R a t l o  of amount  of  alkall used t o  amount 

requred to  completely  satlsfy  the  acld 
number of the ros in .  

Batch  Composltlon 
2% Rosm - T y p e  of so11 
and  amount  of KOH as shown 



15 

TABLE 6 

PTECT OF VARIOUS  SALTS  ON  THE  EFFECTIVENESS  OF ROSIN DISPERSED  IN 50DIUM, 
POTASSIUM AND AMMONIM HYDROXIDE  SOLUTION 

I 
lase Salt  Ratio Compressive Strength i n  lb/ss m 

Percent(1) k n d  Percent(1) Rosln (2) Ory Wet 1 W-D 4 W-D 1 F-T 4 F-T 
Alkall t o  Wet Wet Wet Wet 

11 3 1 1  
5 6  No Salt 1 2  

721 --  -- __  __ 
787 4 -- 

2 8  1 4  
3 -- 

5 
11 3 
5 6  

15 7 1 1  690 196 
CaC12 7 8  1 2  

5 
613 -- -- 3 18 3 

2 8  L O  1 4  42 
29 6 1 1  

731 258 10 
660 182 7 

6 
5 16 

6 

_ _  
__ 

930 325  57 96 le 

- __ __ 

-- Specimen  failed Batch  Composition 

(1) Based on might of rosin and amount of base  end 
(2) Ratio of mount of alkali  used to mount required salt as shown 

ii One  teat only Soil 0 - 2% Rosin Typ0 

to  completely sat i s fy  the  acid  number of the r o s i n  
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TABLE I 

EPFECT  OF IRON AND ALUMINUM SALTS ON I?iE EFFECTIVENESS  OF ROSIN 
DISPERSED IN  POTASSIUM  HYDROXIDE  SOLUTION - DIFFERENT SOIIS 

AlC13 
1 1  
1 2  

73 7 15 - __ 364 
746 411 __  __ 

1 4  
823 1 1  

335 949 12% 
155 

FeSOq 1 2  237 _- 
2* 

991 
1 4 1056 205 __  5 

- 6a 2n 

- 

v 
__ 

-_ 
- 

- __ _ _  - __ __ __ 

-- Specmen f a l l e d  Batch Composition 
* One t e s t  only Far ratms of alkall t o  ros in  - - - 
(1) Ratlo of amount of alkall used t o  amount 

r e q u r e d  t o  completely satisfy t h e  acld 
number of the rmln 

FeSOq 7H20 

Rat10 
Alkali t o  Percent  Salt 
R o s m  KOH Kind Percent 

( 2 )  ~lcl3 6H20 1 1  15 8 22 6 
1 2  
1 4  4 0  

7 8 AlCl3 11 4 

1 1  
5 6  

15 
1 2  

39 2 

1 L  L O  
7 8 FeSO& 19 6 

C I S  
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TABLE 8 

EFFECT OF VARIOUS AMOUNTS OF POADEPED SODIUM ROSINATE C O ~ O ~  
(ONE SODIUM ROGINATE - THRFE ROSIN ACIDS) 

0 2  558  346 390 
380 

0 6  
467 

l ?  
466  350 
449 

423 
387 525 

0 2  415 90 
0 4  698 260 
0 6  

23811 
745 

1.2 654  492 
390 473 

E 0 4  509 

c 
- 

779 

9 

463 
655 
I L 

~ 

4 F-T 
wet 

40 

7 2  
55 

44 

1 0  
6 

13 
17 

~ 

I I I I I - Specmen falled 

( 1 )  Based on nezght of so11 
* One t e s t  o n l y  

Batch Composition 
S o i l  and amount of adrmxture 
as sham 

TABLE 9 

EFIZCT OF VINSOL R F 5 I N  MTH AND WITHOUT ALKALI 

TABLE 10 

EFFECT OF IRON Am A L W N I R I  SALTS ON TlIE EFFECTIVENESS 
OF TINSOL DISPERSE0 IN POTASSIUM HYDROXIDE SOLUTION 

Amount of Amount of Aatio Compressive Strength m lb/sq i n  
Kind of 
salt Percent (1) Percent (1 )  ROSl” ( 2 )  1 w-D 4 m-u 1 F-T 4 F-T 

S a l t  KOH A l k a l i  t o  Dry Wet Wet l e t  Wet Wet 

39 2 15 8 1 1 565 396  390  523  145 34 

F&O4 7H20 19 6 7 8  1 2 n 7  u5 474 618 125 13 

9 8  4 0  1 4 785 127 318 316 17 5 

22 6 15 8 1 1 569 305 317 290 69 25 

A l C 1 3  6H20 11 4 7 8  1 2 730 319 530 461 59 7 

5 6  4 0  1 4 784 26 181 126 11 2 

39 2 15 8 1 1 880 312 .- -- 20 3 

FeSO4 ’PI20 19 6 7 8  1 I 2 b81 102* -- -- -- 2 

9 8  4 0  1 4 953 - - -- -- 2a 

2 2 6  1 5  e 1 1 836 316 278s -- 17 3 I A l C 1 3  6H20 11 4 7 8  1 2 250 376 --  -- 6 2a 

5 6   4 0  1 4 970 I l X  - -- -- -- 
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TABLE 11 

EFFECT OF DIFFERENT  PROPORTION  OF SEA WATER ON THE 
EFFECTIVENESS OF ROSIN  DISPERSED I N  SODIUM AND 
POTASSIUM  HYDROXIDE  SOLUTION - DIFFERENT SOIL? 

Rat10 Fropor t lon  
Klnd of Dry Wet Wet Wet Sea  Water t o  Alkall t o  Wet Wet 

Cmpress lve   S t r eng th   In  lb/sq In .  

Base Fresh  Water(2) R o s m  (1) 
1 ' 4  321 105 37 18 14 5 Fresh  water  

1 W-D 4 W-D 1 F-T 4 F-T 

1 1  226 -- -_ -_ -_ -- 
1 2  

138 1 1  
152 2 _ _  1 4  
172 -- __  __  1 1  

KOH 1 2  1 3  175 
1 4  

All spec imens   fa i led  upon 
206 

1 1  152 
1 . 2  1 7  134 A l l  s p e c m e n s   f a i l e d  upon 
1 4  
1 1  
1 2  
1 . 4  
1 1  

1 4  
1 1  

1 I  173 m e r s l o n   i n   w a t e r  
1 4  
1 1  

Fresh  water 719 488 113 9 36 10 
464 39 49 10 15 5 

__ __  __ _ _   _ _  

l m e r s l o n   i n   w a t e r .  

13 5 immersion m water. 
254 

1 1  129 All speclmens   fa l led  upon 
116 m e r s l o n  i n   w a t e r .  

NaOH 1 . 3  1 2  
230 * All specimens   fa i led  upon 
254 immersion i n  water. 

1 2  2w 175 A l l  s p e c m e n s   f a l l e d  upon 1 7  

1 2  

622 32 22 28 13 6 1 1  
447 269 166 30 81 12 1 4  
443 i58 61 18 z+ 11 1 1  

1 4  
1 2  1 3  89 24 7 

489 180 
563 93 101 

93 22 36 12 
1 1  451 30 36 
1 . 2  1 7  74 24 9 

28 24 
475 4l 

4 

1 4  
85 

473  107 156 45 
1 1  432 15 

40 11 

1 2  1 1  464  73 
13 5 8 4 
50 

1 4  456 U7 137  43 
21 15 7 

1 1  492 15 
38 10 

6a 3* 9 
NaOH 1 2  1 3  523 44 64 23 

3 
27 9 

1 1  L57 10 loit 2* 10 2 

KOH 

. 1 4  517 164 182 57 65 15 

h m e r s i o n   i n   w a t e r .  



TABLE 11 (Continued) 

E F F E C T  OF DIFFERENT PROPORTION OF SEA WATER ON THE 
FFFZCTIVENFSS  OF R C E I N  DISPERSED IN SODIUM AND 
POTASSIUM HYDROXIDE S O L U T I O N  - DIFFERENT SOILS 

- Specimen  failed. Batch  Composrtlon * One test  only 2% Rosin - Type  of soll, 
(1) Ratio of amount  of  alkali  used  to  amount  required  to type  and  amount of alka- 

(2 )  Total  amount of mater  used was that  required to water  to  fresh  water as 
completely  satisfy  the  acid  number of the  rosin li,  and  proportlon  of  sea 

produce  optimum  moisture  content s h m .  
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G R A V E L  1 COARSE I ME,,,’, 1 F INE I VERY FINE I AND SILT CLAY 1 

GRAIN SIZE IN M M 

I GRAVEL 1 COARSE I MEDIUM I FINE I VERY FINE [ SAND SILT CLAY 
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2 
I CYCLE  FREEZE-THAW 

I 

0 

IMMERSION 

2 5  50 75 

PERCENT  NEUTRALIZ4TION OF ROSIN  ACID 

i CYCLE  FREEZE-THAW 

FAILED 

I M M l  

E -  

L /  

0- 

N '  

25  

I 

L 
75 I 

PERCENT  NEUTRALIZATION  OF  ROSIN  ACID 

Flgure 2 Effect of Dlfferent Degrees of Neutrallzatmn Flgure 3 Effect of Dlfferent Degrees of Neutrahzatmn 
Potasrtum Hydroxide Solutmn Ammonlvrn Hydroxrde Solutmn 
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