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ACTIVE INGREDIENT 
PINE OIL . . . . . . . . . . . . . . . . . . . . . . . . . . .. 99.4% 

INERT INGREDIENT 
WATER ............................. 0.6% 

RINSE EMPTY CONTAINERS THOROUGHLY WITH SOAP AND 
WATER BEFORE DISCARDING. FOR BULK CONTAINERS, 
FLU3H THOROUGHLY CLEAN WITH SOAP AND WATE"R BE· 
FORE REUSE. 
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WARNING 
KEEP OUT OF REACH OF CHILDREN 

HARMFUL IF SWALLOWED. If swallowed, do not induce vomitin~ 
but call a physician. Vomiting may be harmful. Keep out of eyes. 
May cause eye damage or skin irritation. If contact with eyes 
occurs, flush with water immediately. Get medical attention. 
Avoid contamination of food. 

YARMOR 302 PINE OIL MEETS REQUIREMENTS OF FEDERAL SPECIFICATION LLL-P-400a FOR TYPE 1 PINE OIL. 
FOR ADDITIONAL TECHNiCAL INFORMATION CONCERNING USE OR PROPERTIES OF YARMOR 302 PINE OIL, 
SEE HERCULES TECHNICAL LITERATURE: BULLETINS OR-I03, OR·I04, OR-I05, AND T-I03A; DATA SHEET 
NUMBER 701. 

E.P.A. REGISTRATION NO. 891-174 
. E.P.A. EST. NO. 00891MSOI 

. HERCULES INCORPORATED MAKES NO WARRANTIES, EXPRESS 
OR IMPLIED, CONCERNING THIS PRODUCT OR USE OF THIS 
PRODUCT, OTHER THAN AS INDICATED ON THE LABEL. 

NET U.S. 
CONTENTS __________ GALLONS 
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PINE OIL 
FOR FORMULATION OF DISINFECTANTS 

ACTIVE INGREDIENT 
PINE OIL . . . . . . . . . . . . . . . . . . . . . . . . . . .. 99.4% 

INERT INGREDIENT 
WATER ............................. 0.6% 

RINSE EMPTY CONTAINERS THOROUGHLY WITH SOAP AND 
WATER BEFORE DISCARDING. FOR BULK CONTAINERS, 
FLUSH THOROUGHLY CLEAN WITH SOAP AND WATER BE
FORE REUSE. 

WARNING 
KEEP OUT OF REACH O~ CHILDREN 

HARMFUL IF SWALLOWED. If swallowed, do not induce vomiting 
but call a physician. Vomiting may be harmful. Keep out of eyes. 
May cause eye damage or skin irritation. I ';ontact with eyes 
occurs, flush with water immediately. Get medical attention. 
Avoid contamination of food. 

YARMOR 302 PINE OIL MEETS REQUIREMENTS OF FEDERAL SPECIFICATION LLL-P-400a FOR TYPE 1 PINE OIL. 
FOR ADDITIONAL TECHNICAL INFORMATION CONCERNING USE OR PROPERTIES OF YARMOR 302 PINE OIL, 
SEE HERCULES TECHNICAL LITERATURE: BULLETINS OR-I03, OR-I04, OR-105, AND T-I03A; DATA SHEET 
NUMBER 701. 

E.P.A. REGISTRATION NO. 891-174 
. E.P.A. EST_ NO. 00891MSOI 

. HERCULES INCORPORATED MAKES NO WARRANTIES, EXPRESS 

OR IMPLIED, CONCERNING THIS PRODUCT OR USE OF THIS 

PRODUCT, OTHER THAN AS INDICATED ON THE LABEL 
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CONTENTS __________ GALLONS 
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BULLETIN T·103A 
(Supersedes T-I 03) 

YARMOR<'l 302, 302W, AND F AND HERCO® PINE OILS(1l 

SUMMAHV ,j TOXICOLOGICAL INVESTIGATf_)_N_S __ 

Chemical Composi tion 

HERClJLES® PINE OILS are produced from liquid terpcnes extracted from 

pincwood. They arc mixtures consisting lar~ely of tertiary tl~rpenc alcohols with 

minor amounts of terpene hydro:.:arbons, ethers, and ketones. The chemical 

compositions of commercial grades vary depending on end-lise requircmcnts. 

Yarmor 302 has the highest content of terpClll' alcohols (91'~). The terpenc 

alcohol contcnt of thc othcr pine oils .- Herco (85~i,), Yarmor 302W (76%), and 

Yarmor F (75%) - is less, with correspondingly largcr amounts of terpenc 

hydrocarbons. Yannor 302 and 302W w('rc choscn as rcprcs('ntative of the 

physiological properties of pinc oil 

Physical Properties 

Hncules pine oils ar(' clear. light-colored liquids with low volatility (distillation 

ranges from 5~~ at 198-212°C to 95% at 220-227°C). All have a l111id pinelike 

odor that varh:s slightly with the diffl'fing terpcne alcohol:krpcne hydrocarbon 

ratios of the sc\'eral grades. All arc sol\'cnts for many resins, greascs, oils. and 

waxes; 'cxhibit antibactcrial activity; and possess useful wetting. penetrating, 
dispersing, and SUsllt'nding properties. Principal applications arc in cleaners. 

disinfectants, polish.,s, paints. kxtiJc wet-proc('ssillg aids, and as flotation re

agents in the benefication of variolls metallic and nonmetallic orcs. 

(1) Hcrcldes pine oils, Yi.lrnlOr 302 and 302V.J and Herco grades, are rcgistcrc(1 with the Pc~tici(I(II 

Division of the En\'irorllncntltl Protection Agency under fPA Registration NUInuers 891·174, 
891-176, ~nd 891·'7~. re~pectivciV. 
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Acute Oral Toxicity 

Toxicologicai studies (rat, oral) indicate that the terpene ;'kohols and mono
cyclic (errenes in pillt,; oil L,l\i: es~entially the ~,ame degree of toxicity. The 
results of thc'\(' studies are r.::purted on rats, with a comparison of undiluted 
pine oil on both r<lts and b'linca pigs. 

LOso rats-

LOso guinea pigs -

2,100 mg/kg (Yarmor 302, undiluted) 
3,200 mg/kg (alph;-:-terpineol) 
4,700 mg/kg (alpha-terpineol and secondary 

terpene alcohols) 
4,700 mg/kg (rnonocyclic terpcncs) 
1,300 mg!kg (Yarll1or 302, undiluted) 

Repeated Eye Irritation - Rabbits and Guinea Pigs 

AI ,Ii cation of 0.1 cc ofundilll!L'd pine oil ('{armor 302) into the eyes of rabbits 
J.05 cc in the eyes of guinea pigs onc(' a day for 15 d",ys, without washing, 

produced progn;s~ive mild to moderate irritation and swelling of the eyelids and 
dilation of the biood vessels around the cornea. After Ic:st application, the 
irrit" tion subsided until recovery was complete within 2 wceks. 

Skin Irritation - Rabbits and Guinea Pigs 

Application of IlTldiluted pine oil (Yarmor 302) to the clipped backs of rabbits 
and guinea t' .:~ :', :: r for 15 days, without cove ling, produced a progressive 
drying, crac; i~f ' : " ing, and sloughing of the superficial epid .... rmallaye .. with
out apparent ... ; .. :y to the underlying layers in both speci.:s. Recovery was 
complete, with normal hair growth, within two w('eks of the bst application. 

Irritation and Sensitization - Humans 

Two hundred and h:n SlI bjects were pa tch-tested with 12.5% aqueous cl11ulsion{l) 
of pine oil (Yarmor 302\\') mi:lg thc closed-patch techniqul'. There was con
sistent slight erythema on thc initial and chalknge application and two subjccts 
exhibited doubtful c\"idcnce of mild sensitization. 

Twcnty-three subjects wcre patch-tcsted with this same aqueolls emulsion 
by the repeat-insult tcchnique, closed patch. i\inc repeatl!d al'plic:.1tions W,[C 

made, followed by a challenge. Consistently mild eryth"ma occasion:] lIy 
progressing to marked erythema and papules occurred during the repeat-insult 
phase. On challenge application, one subject showed doubtful C'vidence of 
sensitization. 

(I) Twccll 80 was used a, the emuhirkt. II is Ihe tW~IIIY'molc elhrlcnc (lxiu,' adduct of sotHlan 
l1lolloolrJ te ploduccd b~ lei United State, Inc. 
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HIGHEST QUALITY, ALL-PURPOSE-GRADE PINE OIL 

YAR\IOR@ 302* pin~' oil is a ckar. pail'-yl'llow to ncar wakr-whik oily liquid 
with a distinct pinl'like OdOL Derived from ll'rpl'nc oils of pincwood origin, it is 
a bknd of n.:latcd cOlllPounds, mainly krpcnc akohols. Yarmor 302 lllCl'ls 
rcquirclllents of Fl'dcral Spedf'il:ation LLL-P-400a for Type I pine oil. It is 
espcdally indicakd for manufacturc o!' top-pcrformance cit:aners. di~infl'dants. 
and for all other u~es whcrc a high-quality pinc oil of uniform. hight'st It:rpene 
akohol content is rcquired. 

Product Specification( 1 ) 

Specific gravity at 15.6/15.6° C ................. . 
Total terpene alcohols, % ... _ ................. . 
Moisture, % ................................ . 
Distillation range, °c 

5% ....................... _ .. _ ...... . 
95% ................................. . 

(1) Hercules test methods used ar'e available on request. 

Typical Properties 

Specific gravity at 15.6/15.6°C ................. . 
Total terpene alcohols, % ..................... . 
M . 01 olsture, 10 ••••••••••••••••••••••••••••••••• 

Distillation range, "'c 
5% 

95% 
Refractive index at 20°C ...................... . 
Color, Hazen ............................... . 
Kauri-butanol value .......................... . 
F lash point, TCC, ° F (OC) ..................... . 
Weight per gal, Ibs ........................... . 

Outstanding Characteristics 

0.938-0.946,.-- ---~----r 
85 min A C .~ ~- ", - " 
0.6 max 

209 min 
225 max 

0.941 
91 
0.35 

212 
220 
1.481 
20 
>500 
170 (77) 
7.85 

U!iD:: : 
Flfl.;r;:: ,_ 
rO.1 1:c.',- '., 
l::V l~." _ . 

Clear. pale color: high lL'rp~'nl' akohol conlL'nt: piney odor: high solvcnt al'livity: 
cxccllent wctting. pcnelrating. and dispersing propl'rtics: high baderkitbl 
activity whcn properly fonnulalL'd: uniforill. 

\lisl'ible with mo~t ~'OIl1I1l(lfl oq!anil' ~()I\l'flh, Tral.'l' soilihility in wain, 

·Hercules pine oil, Varmor 302, IS reUlstered \",1I1h thp. Pestlclue Division of the r nVlJomnentdl PruUJl:tlOn 

AYHlll.y tlfHJCI (1'/\ He~~I~llo..1tloll NUlIIU~! a~Jl 1/4, 

ORGANICS 
DEPARTMENT 

HC(,U!f~~. ii.man'" that Ihl". pUldur I runhHI11\ to Ihl' IHI,!!; I <.pl>' 1111.111(,11\ (onldlllPd 111 tillS IhIlO!llPIlI [)"l.fU<il' ','01' r .11111111 .mllt I 
pall' nr ronlrollhr II"IOY Ihfft'I('nt ronchllOll'. :1I1I1rr \ ... hu II till'. prlldu' t 11'.1'; hI" ! .. \rfl O! II!!' ',U,fdt>ddy II! {lIU Illthfu: t~ hn .In~ P,lftl( tll.1I 
ptJlplI',r III HCIII [S flAK[ S NO 01111 R \'/ARIlArHIIS. I Xf'RI ':'; (Ill It,H'II! [l INr:I IIIIING 1111 1'.'1'1 'I n W,\RRMI1Y (II ~.'I nellAN! AiIIlIlY 
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Applications 

Because of their outstanding surface-active properties; uniform piney odor; high 
solvency for resins, oils, fats, greases, and waxes; and high germicidal activity 
for gram-negative bacteria, Hercules® pine oils, including Yarmor 302, are 
especially suitable for formulation of disinfectants, disinfectant cleaners, in
dustrial and household cleaners and sanitizers, textile printing specialties, de
foamers and leveling agents in coating operations, and as ingredients for a variety 
of janitorial products and other chemical specialties. Since pine oils are essential
ly insoluble in water, most of the above indicated end-use products require a 
soap, nonionic surfactant, or other surface-active constituent to aid emulsifica
tion or dispersion of the pine oil when diluted for use. 

HANDLING PINE OIL - PRECAUTIONS 

WARNING: 

KEEP OUT OF REACH OF CHILDREN. HARMFUL IF SWALLOWED. 

If swallowed, do not induce vomiting but call a physician. Vomiting may be 
harmful. Keep out of eyes. May cause eye damage or skin irritation. If contact 
with eyes occurs, flush with water immediately. Get medical attention. Avoid 
contamination of food. 

For detailed information on the toxicological properties of Hercules pine 
oils, request Bulletin T-I 03A. 

OSHA Classification 

As Hercules interprets the Occupational Safety and Health Act of 1970, Yarmor 
302 is a hazardous material because it is combustible. It has a TCC flash point 
of 170°F (77°C). 

Container Disposal 

Rinse empty containers thoroughly with soap and water before discarding. For 
bulk containers, flush thoroughly with soap and water before reuse. 
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HERCULES@ PINE OILS(ll -
NOTES ON STORAGE AND HANDLING 

BULLETIN OR-l04B 
(Supersedes PC-I 04A) 

All tank I:ars and storage tanks used for the shipment and storage of pine oil in 
areas that annually experience prolonged periods of subfreezing weather should 
be equipped with steam coils. Railway siding and storage facilities should be 
located dose to an available source of steam for heating when it may be required. 

Cunstruction Materials for Storage Tanks 

Plain steel and aluminum are satisfactory for the construction of pille oil 
storage tanks. Carbon steel pipe is preferred for the heating coils. Flanged 
joints are more desirable than threaded ones. The number of :-ipe joints inside 
the tank should be held to a minimum or eliminated completely by welding. 
Blass fittings and copper heating coils are considered suitable. 

The storage tank outlet should be placed 6 to ~ indh.'s above the bottom to 
prevent contamination from small amount~ of water and sludge that settle to 
the bottom of the tank. A drain valve at the low end of the storage tank should 
be provided for periodic removal of such accumulated water and sludge. 

Location of Storage Tanks 

Underground storag!: for pine oi I is not recommended except wher!: local regu
lations require this practice. Corrosion IS a problL'm with buried tanks and dean
out is more difficult. The preferred installation is a well-insulated sted tank 
mounted on concrete supports and 10L'ated as dOSL' as possiblL' to the point of USL'. 

(1) Hercules pine oils, Yarm0r 302 and 302W and Herco grades, are registered with the Pes:icide Division 

of the environment,,! Protection Agency under EPA Registration Nurnb€!rs 891 174, 891-176. and 

891 175. respectively. 

ORGANICS 
DEPARTM ENT 

Hell:ulcs 't\arrant~ that Ow. product ronfonm, tu the (hrllllLll d(')rnptIlJll ,1:. mdl{tltl'd on the pr;,duct 1,1bei Bc( <1!p,e fit' f,Ulnot Jntltl 
pale or control the lIlany dlHNt'nt condltioll'S under which thiS flH.!!1w I 1It.IY bp u;'l.d ,It the ~Ult"b!llly , I (llH I'f(ldurh fnr ,JnY fI.1rtl(\d,1' 
purpo~e. HfRClIlfS MAKf~ flO OTHfR \'IAIlRANTlfS.lXPRlSS OR IMI'IIfn. INClllDlflr. Till IMPllfO Wf,RRAN1Y 01 MIRI'IWHAllilllY 
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Grounding Storage Tanks 

Where il i~ dl'sirl'd or rl'quirl'll. PIl1l' oil Slor;l!!l' 1;tIlK~ c;ln Iw )!roul1lkd h~ nlil' 
ning a kat! from ;1 )!rtlundin)! dip Oil Ihl' lallK to ;111 ulllkrgwund n1l'Ialhc' 
w;.tlL'rlinl', If tlll'rl' arl' no ~lIch linl's wilhin a I'Lldil';ti dislancl'. a Crou~c'·llillds 
(or l'quiYaknt I c0l'pl.'r·l'o;.tkt! ..;kl'l )!wund rod is a s;ltisfallory ;dll'rnaliYl', the 
rl',istalll'l' of all~ ,21'Ollllll l'olllll'L'lioll 10 c'arth should prc'kr;")I~ he k,,, thaI! I 
ohm: in 110 caSl' "hllllld it he O\tT ~ olllll", Rl',istalh'l' "llllllld hl' l'hl'cKed with ;1 

\k1-!!!l'r In ,illliLtr grI1UIlt!·tl'"ling in"tlllllll'lIl. 

Freezing of Pine Oil During Cold Weather 

Thl' storage and handling of pi Ill' oil durillg l'\cl'ptionally cold wl'athl'/' 
oCl'asillnally results in prohkms hrought ahout hy frl'l'/ing or partial rystal
lilation of its constituents, This is hl'cause high-grade pine oil, arc l'omposl'd 
largL'ly of tL'rpl'ne ;.tkohols that, in the purl' statL'. haye melting points in the 
range of t)5 to 104°F (35 to 40"('). 

Since pilll' oil is mack up of ;.t numb,'r of dill, n:nt compolll'nts. some 
of which ;.tre crystalline solids at normal tL'mpl'ratdrl''i. one might wondn 
why it is evn a liquid, Tht' explanation is that it is a compk\; mi\;ture. and. 
while predominantly comprised of tl'rpelle alcohols, pille oil alsll ulIltains 
terpene ketones, ethers. and hydrocarbons, All of thl'Sl' are soluhk in and 
compatible with each other. resulting in a mixture tilat will rl'maill a liquid eyell 
though cooll'd to a point well hl'low the frl't'lillg point of certain constituents, 
The exception to this is when crystalline matnial is prl'sent that might all as a 
,el'd to start crystal growth of OI1L' or morl' of it-; compolll'llh, 

When supl'rcookd pinl' Ilil is sl'l'lkd with a lTystal of alpha-lL'rpilll'ol. 
the major component. cry~tals of thl' con'ititul'nt will he prl.'l'ipitalL'd unt;1 
a mi\;ture of crystals and liquid phase is forml'd that is in equilibrium under the 
lL'llliJl'raturl' conditions that prl'\'ail. kl' cr~ slals and rust l'artidL's also can alt 
as nucki to ..;tart lTystal )!rowth, Also. thL' agitation that thL' pinl' oil rl'cl'i\'l'~ 

while hl'ing transporlL'd in tanK l'ar~ rurtltl'r sen'l'S to promo!l' LTyslalli/a!ion ill 
very cold Wl';! thl'!'. 

UndLT thl' conditioll~ dl''ilTibed ahO\l', frL'l'/ing of pinl' oil l'an (KL'Ur. 

When it dOL'S. IW\\'l'\'l'r. thl' "illl' oil call hL' rl'<;torl'd to liquid form without 
loss or ;iIlY propl'rtil''i by propl'r application of Itl'at and ~Igitation, 

Heating Requirements for Storage Tanks 

Thl' hl'at rl'quirl'llIl'nh ;Irl' lIot )!rl'~lt t!lIrill~ cllld "\L'athl'r, \\'hl'n Itl'atillg coils 
an: uSl,d to warm pinl' oil. In thl' rollowin)! l'\ampk. thl' lHltside lL'mpl'ralurc is 
~O'T 1_7'''('): for :111 S hI ~:i·I(l\lt slL'L'i tanK of abuut I ().()()t)·)!allon capacit~ 
protl'l'kd \\itlt I inc'h "I insulation .. :0 "quarl' kl'l ur llL'atinj! ~lIrLlc'l' with 
~lL'alll at ~O 1'<1IlIll" gall~,' 1'll'S~url' on Ihl' coih wUllld 1Il;lilltain it ~II ;lIound 
:iO"F ( I (J'( l. 

'1(, hl';11 I ltc' ct>lllL'nh 01;1 IO,I)()()'gallllll \;llIk III pint' oilll"m () to I()((I' 
(-·IX 1(1 ,«f(-l, ;1" \\ollid hl, Ic'qllill'd ill c';N' 01 Iro/l'lI 1'IlIc' ,)il. \\'\lltld Il'qulrc' 
;1I)I1IIt :'() ... qll;lrc k,'l III Ill'atill).! ,1IrLICl' wit It "k;lI11 ~It ~I) 1'(lIIIHI" j!all).!c' 1'1'c'''lIl\' 

Oil !ltl' c'lli'" t()1 a I'nlod III ;Irollllt! 1_' IHlllr" (11,\ IOll,I~. II II "Itld hc' ,Ilhi"ahk til 
plovidc' S()llIc'\\'It;11 gll';t"'I It,'alill)' ,"rLll'c' alld lti),ltcT 'k,1111 1'1 "" ... 11 It' III t.lhL' carl' 
"I "ltI! ,'"Idn ,-"llIlilillll" 

. . -
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Examination of Incoming Tank Cars (, 

On arri\al of tank l'ar~ llr pilll' oil uurill~ thL: winter Illonth~. it i~ important to 
l"\;1 III illl' thl' l'onll'nh for thl' prl'~l'nCI' of ny-;tallillL' matnial. LVl'n though nil 
nll\jous laYl'!' or I.Tystab is l'\'idl'nt. scatkf(.'d I.·ry<;\ab may bl' disp\'r~l'd 

tllllJugholil Ik liquid. lI' dosl.'!' I.'xamination prml.'s this to hl' thl' caSl', illl' COil
knts of thl' t;1I11-. 1.';11' ..;hould bl' hl'atl'd hl'forl' unloading. Ill'at should he applil'd 
until allay,tal nudl'i arl.' (kstroyed to prevent furthl; crystallization on standing. 

All tank cars USL:d for shippin~ pine oil are provided with hl'ating coils to 
permit melting of any nystalli/eu pinl' oil that may form uuring transit in cold 
weathl.'r. Whl'n a tank car is received. thl' uoml' COVl'r should bL: opl'lleu and thl' 
contents prohl;.'d with a long woodl'n stick to cll;.'terminl' thl' presencl' of any 
frozen malL'rial. As an additional precaution, if I.'quipment is available, L'Xamine 
under polari/l'd light for pre>;encl.' of ll1inulL' ..;cattl'rl.'d crystals. 

If fro/en or partially crystalline pine oil is detected, hl;.'at the conlL'nts 
until the nystalline matl'rial is completL'ly melted. Then pump from out of the 
bottom into the top of the car for several hours until the content, arl' a 
homogl'neolls product. Do not rl'mow the liquid portion only from a partially 

___ "_ " __ 0- "_~ ___ ~~ __ " ___________ " 

frozl'n _~~~l~_ e~!_ofpi~ll' _oil. sincl' thl' frcl'zing action concentratl'S the terpene 
alcohols in the crystallinl' portion. Do not pump the melted material from the 
car into storage tanks or othn containers until the contents of the tank car are 
completely liquified and 1'1'1.'1.' of ~uspended crystals. This could cause sl.'l'ding 
and subsL:qul'nt LTystalli/ation throughout the entire handling system. 

Returning Empty Tank Cars 

After unloading a tank car of pinl.' oil. it is important to examinl.' Its intnior to 
be certain that all liquid matl'rial is compktciy drained from the boot. and in 
subzno wL:ather, to \1.'1.' that no crystallinl.' dL:posits of pine oil rl.'l11ain. This 
asslIrl.'s thl.' I.'u"!oml'f of rl.'l'l'i\'ing full qU:ll1tity shippl.'d. cll1d puts thl.' tank l'ar in 
proper slwpl.' fot return to I krcuks_ 

Sinc,' it is impral.'til'al to rl.'I.'O\I.'r minor quantitil's of pinl.' oil rl.'lI1aining in 
rdurnl.,d tank cars. no l'l','dit will be is,ul'd for "udl tl.'~idu:lI makrial. If for any 
rl'a~on a full or partially unloaded tank I.'ar of I';nl' oil i, to hI.' rdUflll'd tu a 
Ilcrl.'lties piant. prior arrangl.'l11en!\ should hI.' lI1alk with a Ilcrl.·ulcs ~alcs nflil'l'. 
If 110t cil'arl'd for rdurn, full rl.'sponsihility for rdurn frl.'ight and loss of matnial 
1L:l11aillS with thl' ~'u,tOIl1I'r. 

PROPERTIES OF PINE OIL 

Specific Gravity vs Temperature 

I or ell~llll'l'lIl1~ PUllllh,'\. ,';Ikuldti(lll~ III;IY hI.' mad\.' Oil the' 1';I.,j, oJ inL'II.'a'l' III 
d,'d,';I'" III II,()()()X,.- 111111 1"'1 dq,'I,'" ,lidll~" ill "l'lltl!'LI"" "'11I1"'I.IIIIIl', I Ii" 
,ll;ttl~" p,'r Ik~I\'" !"llIp,'ldlllr,' lia, h\.'1'1l Ikkrl1lll1l'd ill thl' lahola!llry dl1d \\';1' 
!ltat llh'l'lll'd 1l1l'1 the r:tn~,' oJ I) 10 3(J'(' f,~' 10 XII''l-I, II 1Il,Iy b" 11,,'d ;1';1 
,1111'" IIOll LI,'IIlr 1111 all,l'I.IlI,", III Ikl,'llk., 1'1Il\' "ih, 
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For L'xampk, to uelL'nnint' the spl'l:ifil: ~ravity 01 Yarmor® 3U~ pint' oil at 
~O/I S.hoe I:akulatl':ls follows: 

Spl'dfic gravitY:lt IS.l1/IS.(,'C c- O.'J4IU 
Clwngl' in kmperature ~Ou IS.Clo ~ 4.4" 
Change in spl'dfk gravity 4..+ x O.O()OX~ = U.003() 
Specific ~ravitY:lI ~O/l5.()oe U.lJ410 O.003() = U.(1374 
\\'hl'n makiJ~i! l'alclilations ofspl'l:ifk gravity hdow IS.()°e. thl' number of 

degrl'l's dwngt' in kmpl'J'ature multiplied by O.OOOX~ is addeu to thl' spl'l'ific 
gravity of thl' pine oil at 15.MI S.6°e. When cakulating valul'" at tl'mpl'J':ltllrl'S 
higher than ISJte. the I:olwdion is subtracted. as in thl' eX:lmple. 

Thl' change Iwr dl'grl'e Fahrenheit is l'stim:ltL'd to be 0.0004() unit. :lnd 
thl' calculation is made as illustrated above, subtracting or adding the cOlTedion 
to that of pine oil at IS.()!I s.()oe ()O/()O°FJ. depending on IL'mperature. 

Density vs Temperature 

rhe dl'nsity-tl'mperatufe rebtionship uf pine uil is ~hown in Table I. hdow. A 
typic:l1 high-purity pint' oil. such as Yarmor 30~. W,IS used in the detcrmin:ltion. 

Table 

Weight/ Weight/ 
Temperature Density, U.S. Gal, Temperature Density, U.S. Gal, 
OF 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

°c g/ml Ibs OF °c g/ml Ibs 

-15 0.960 7.997 65 18.3 0.939 7.823 
-L.2 0.958 7.983 70 21.1 0.937 7.809 
-9.44 0.957 7.968 75 23.9 0.936 7.794 
-6.67 0,955 7.954 80 26.7 0.934 7.780 
-3.89 0.953 7.939 85 29.4 0.932 7.765 
-1.11 0.951 7.925 90 32.2 0.930 7.751 

1.67 0.950 7.910 95 35.0 0.929 7.736 
4.44 0.948 7.896 100 37.8 0.927 7.722 
7.22 0.946 7.881 105 40.8 0.925 7.707 

10.0 0.944 7.867 110 43.0 0.924 7.693 
12.8 0.943 7.852 115 45.8 0.922 7.678 
15.6 0.941 7.838 120 49.0 0.920 7.664 

Specific Heat 

To dl'll'rmine thl' l1l'at input rt'quirl'd t() raisl' the IL'mpl'raturl' of a \'l'sscl or 
tank car of pine oil. allli to mah' otllL'r l'ngil1l'l'J'ing L·akulations. a spL'L'ifil' hl'at 
lalul' of O.S is used for all pinl' oil gradl's. 

Coefficient of Cubical Expansion 

IlIl' ,'odliciL'nt of l'uhil'alcxpallsion of Ikrl'uks comillercial grade's of I)inl' oil 
I'l'r d,'grl'l' dJ:lIlgL' in kml'l'ratllrt' is shown hdow: 

YilrillOr 302 pilw oil 
Herco(") lJine oil 
Yilllllor 302W pine all 

0.00087 
0.00088 
0.00089 

Per" F 

0.00048 
0.00049 
0.00049 



Viscosity vs Temperature 

Figure I illustrates the effect of temperature change on the viscosity of pine oil. 
Yarmor 302 pine oil was the grade tested and recorded here. 
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HANDLING PINE OIL - PRECAUTIONS 

WARNING: 

KEEP OUT OF REACH OF CHILDREN. HARMFUL IF SWALLOWED. 

If swallowed, do not induce vomiting but call a physician. Vomiting may be 
harmful. Keep out of eyes. May cause eye damage or skin irritation. If contact 
with eyes occurs, flush with water immediately. Get medical attention. Avoid 
contamination of food. 

For detailed information on the toxicological properties of Hercules pine 
oils, request Bulletin T-I 03A. 

OSHA Classification 

As Hercules interprets the Occupational Safety and Health Act of 1970, Yarmor 
302 and 302W and Herco grade pine oils are hazardous materials because they 
are combustible (TCC flash points 170,130, and 150°F [77, 54, and 66°Cl, 
respectively). Material Safety Data Sheets are available. 

Container Disposal 

Rinse empty containers thoroughly with soap and water before discarding. For 
bulk containers, flush thoroughly with soap and water before reuse . 

• 

------------------_._-_. __ ._---
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HERCULES 

TECHNICAL 
DATA 

HEACULiSS® 

PINE OILS 

BULLETIN OR-l03D 
(SlllwIscdes I'C-I U3C 1 

HIGH-EFFICIENCY GENERAL-PURPOSE CLEANERS 
FORMULATED WITH HERCULES® PINE OILS(1) 

Pine oill'ontributes many outstanding propl'rtil'S to industrial. in'ititutiunal. and 

household de:lnl'rs. I t has high solvl.:ncy for oih. fats, and grl.:ascs. and rl.:adily 

I.:mulsif'il.:s thl.:sl.: materials; accderates wdting of hard surfacl.:s; aids suspl.:nsion 

of soil; has nonrl.:sidual and non~taining propl.:rtil's; and is cOlllpatibk with a 

largl: numbl.:r of auxiliary solvl.:nh and coupkrs. In addition, pinl.: oil imparh a 

pleasant and uistincti\'l~ natural pinl:Y ouor to thl.: finishl.:d product. 

formulations 1\ and 13 for two gl:lll'ral purpose-typl: ckanl:rs using 

I-Icn:ull.:s@ pinl: oil arc giwn in Tabk L page :2, The high performance of Formu

lations A and B is attributed to a sdection of constitul.:nts dl.:signl.:d to provide 

an optilllum balancl.: of ddl.:rgl.:nt action requirl'd for easy deaning of typical 

hard-surface makrials. 

Comparativc pl.:rformanc,' tests by a wl:ll-known testing laboratory rakd 

Formulations A and 13 supl:rior to C and D. two cOllllllncial ckanl.:rs. Formu

lation A wa" rakd high..-\t in each of thl.: tl.:sb on threl: tYPI:S or surfacl:s. h1l'

mulation 13. a slight lllodifiL'ation of 1\. pl.:rforml:dnl:arly as wdl. 

Linokulll panL'ls wnL' instalkd in pl'dl.:strian traffic arl:as and soikd IllrOll)!h 

normal U'>\.', The panL'ls w\.'rl' shirkd .lIld rotakJ Juring thl.: exposlIrl: pl'rioJ to 

equalitl.: soiling, The k\h used wnc lie-signed to Illea\ure cllieil'nl'Y or ckanl'J' 

formulations for ckaning soikd linule-lim and glass surfac\.'\. and for stain re

nlOval frolll paintl'd slirface\, 

(1) Hercules pille Oils, Varmar 302 iJno 30:lW ~pd tiereD ~rdde5. ale registered \\11th the Postlude DIVision 
of the Environmental Protectlun Agt.!ncy under EPA Registration NurniJers aUl 1/4,891 176, ano 

891-175, respectively. 
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Table I 
COMPARISON OF GENERAL-PURPOSE CLEANERS 

Materials 

Y,lP110r\H) 302 pine oil(tl) 
Pall1dk" ' 4 fiJ1ty acidlL) 
Caustic soda 
Ultrawet 35KX or equivalent!n) 
Ultrdwet GOK or equivalent!d) 
Conco SXS or equivalent!dl 
Tetrapotassium pyrophosphate 
Isopropanol 
Water 

Cleaning Efficiency 

Performance rating usifl9 recog
nized tests for evaluating hard
surface clean~rs 

Storage StalJi lity 

Formulations!a) (Parts by Weight) 

ABC 0 

7.5 
4.7 
0.65 

24.0 

5.0 
8.75 

49.4 
100.00 

Superior 
to all 
tested 

7.5 
4.7 
0.65 

10.6 
3.75 
5.0 
8.75 

59.05 
100.00 

Superior 
to 

C and D 

Liquid 
Commercial

Type 
Cleaners 

I nferior Poorest 
to 

A and B 

Formulations A and B passed both freeze-thaw (3 cycles) and heat-stability 
( 1 a days at 1200 F) tests. 

(a) Blend the pine oil and fatty acids at room temperature. Stir in the synthe'tic anionic compounds 
followed by addition of the i.opropyl alcohol. Add the caustic soda as 20 percent NaOH !assay 97 
percent) aqueous solution, and continue stirring for 10 to 15 minutes (minimum). Stir in the pyro 
phosphate as a 15 to 17 percent aqueous solution. Then add the remaining water, and continue 
stirring until the product IS homogeneous and clear. 

(b) Hercules pine oils. Yarmor 302W and Herco gr.des. should prove equally satISfactOry. 
(c) Hercules tall oil fatty acids; typical aCId number 188. 
(d) These anionic surfactants werp chosen for availability, performance. economiCS, etc,; Similar products 

would be expected to be equally satisfactory. 

HANDLING OF PINE 01 L 

WARNING: 
KEEP OUT OF REACH OF CHILDREN. HARMFUL IF SWALLOWED. 

If swall"w~'u. uo not inuul'c vomiting but (all a phy,-il·ian. Vomiting Illay bc 
harmful. K.:cp out of cycs. I\lay cau'ol' l'yl' uJlllagl' or ~kin irritation. If con tad 
with cyeS ()l·cur~. ilush with water imll1l'uiatt'ly. Gl'l Il1cuical atklltion. Avoid 
l"(lIltaminatiun of food. 

For dl'laikd informatiun on thc toxicological prop~'rtil'S of IkInilt's pine 
oils. n:qul'st 13ulktin T-I 03A. 

OSHA Classification 

A ... I kInilL'''' intl'rprcts till' OCl'upatiollal Sakty and I kalth Ad uf I ()70. Yarmor 
JU~ and JU~\\ ;1I1d I Jercu graul' pillc oih arc hal.<lrdllll~ mall'rials bccause they 
;II'l' (()l11hu"tibk IIC(' lla"h puinh I tU. 13U. and 150T 17"7 . .s.+. and (l(J"( I. 
rl,,,pl'di\l'ly l. \Lill'rial S;lkty Dat;) Slll'l'h arl' <1\ ailahk. 

Container Disposal 

Riml' l'lllpty l'ontainl'r\ tll()l()lI!.dJl~ with 'il);ql and walL'!" Iwfml' di"'l'ardillg. I',l!' 
hllik l·(l))t;liIlL'l'\. IIl1.,1i tl](lwlIghly With ... oap alld \\;lll'r ill' fOil' rl'thl'. 
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INTRODUCTION 

Ikrl'ull": pilll' oib arl' basl'd on Ilwterhlls fral'lionated from oils ex
Iral'll'J from pinewooJ. They are mixture:. of terpencs, l'ollsisting 
largl'ly 01 ak'ohols with minor amounts of hydrol'arbons, cthers, and 
kl'lol1l's. The major single eonstituent is the tl'rpenc alcohol, alpha
ll'rpineol. Hercules pinl' oils are aV4lil4lbie in a range of tcrpenc ail'ohol 
l'ontcnt~. 

The prcdominant uscs for pine oil - flotations of minerals and 
eoal, preparation of textile specialties, and ror compounding industrial 
and household c1caners and disinfectants ~ arc so well known that 
they tend to overshadow the many equally important "miscellaneous" 
USl'S for this versntile terpene produet. 

Some of these lesser known uses arc briefly reviewed in this 
publication. The <Iualifications of pine oil for these applications arc 
a result of its unique balance of properties. These include its high 
germicidal, wetting, penetrating, and solvent power, along \\ ith its 
low volatility and full, but pleasant. pinelike odor. 

PAINT AND VARNISH PRODUCTS 

Solvent 

Pine oils arc used for a varidy of PurPOSl'S as raw material in the manufacture 
of solwnt-type paint and varnish prouucts. They are excellent resin solvents, 
and small percentages can be hlendeu with low-solvency petroleum thinners to 
increase the solvency power of the latter. 

Also, a small percentage of pine oil is extra protection against precipitation 
of solids in case an eXl'essivc amollnt of low-solvency thinner is added before 
application. In aduition, it exerts an antiskinning effect during storage of the 
finished product. 

Pigment-Grinding Aid 

Pine oil. aside from being a strong solvent. is an excellent wetting agent. At a 
concentration of 3 to 5 pLTcent of the vehide. it improves the wetting of pig_ 
ments during the grinding opl'ralilln and ~lids their uispersion in grinding vehicles. 
It is especially effectivc for grinding pigments in synthdic resin vehicles. al
though it is also crficient in grinding pigments for most oleoresinolls varnishes 
and drying oils. Ikl'ausl' of its high boiling point. pine oil is reported to go 
farther (Ic~s lo~~ t"rough vola lili ty). alld dOL'S a more ctlkien t job than m()~t 
other solvents lIsll~!Ily employcd as grinding aids. Examples of thl' benctkial 
ct"fccts of pinl' oil in this applkatioll arl' IHl'sl'ntl'd ill 1l10rl' dl'lail in Tcchnical 
Data BlIlidin OR-tOt B entitled. "lIl'rlllk~(i!) Pinc Oils in Organic Coatings 
U~l'l"td Lrindillg Aid~, LC\'l'ling ,\gellh. ;1I1d C()llSiskncy Controlll'l's." 
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Leveler 

As a part of tht: finished paint produi:t, pint! oil improves the brushing and kvel
ing propertit:s. I t is especially dTective when the pain t is applied to surfaces 
that are hard to wt:t. 

In baking varnishes and enamds, it contributes to their flow properties, 
which result in evcn and level finisht!s without pinholing. This again is because 
of its high solvelH.:y for resins and eXi:ellent wetting adion. A variety of industrial 
cnamds \:Ontain a small amount of pine oil (2-5(lr). In wire en~mels, pine oil 
greatly minimizes pinholing. This beneficial effect is very dosely related to the 
use of pine oil in paper coating to produce smooth, level finishes without pin
holes or "bird's eyes." 

Water-Base Paints 

In emulsion or water-base paints, pine oil in small percentages is an cffl'ctive 
preservative for protein stabilizers. It also contributes to leveling and provides a 
pleasant odor to the product. 

PAINTBRUSH CONDITIONER 

Keeper 

Linseed oil, kerosene, turpentine. or mixtures of these materials are often used 
to keep or preserve oil-base paint brushes when they are not in use. For this use, 
however, they have certain shortcomings. Linseed oil gradually oxidizes to form 
rubbery, gel-like particles. Mixtures of linseed oil with either or both turpentine 
and kerosene have the same kndency to gel. Turpentine alone oxidizes in con
tact with air and is sufficiently volatile to evaporate to a considerable degree. 
Kerosene likt!wise evaporates, is a poor solvent, and presents a fire hazard. 

Pint: oil, on the other hand, has definite advantages used as a paintbrush 
keeper alone or in i:ombination with other solvents. Pine oil itself does not oxi
dize appreciably and is sufficiently nonvolatile so that little loss from evapora
tion is enwuntered. Furthermore, it is a much bdter solvent for dry or partially 
dry paint than the mall-rials Illl'ntioned above. Because of these superior proper
ties. it is an ideal medium for storing paintbrushes. A minimum amollnt of 
rinsing with a low-cost solvent or soap and water, or just brushing out, is all 
that is needed before rl'U'ie of thl' brush. 

Cleaner 

The advantage ... (II pim' 1111 in all-purpo ... e hou"dlOlJ cleaners apply to their lise 
as painthrll"dl rl';',l'\\'l"", or dealll'rs as wl·11. III thesl' produds, the high solvency 
or pinl' (Iii t(ll ,1r~ pr parli,tlly dry paillh is augmented by the presence of soap 
l·ll1l1l'iifin .... 11Il' b:(':1 Inall'ria'" ill l'ombination with pinl' oil provide an eeo

IHIIl1 il'a I wall'l -h~t'.l· "Il"''' l'k;IIll'r 



PL YWOOD ADHESIVES 

Antifoam Agent 

Pine oil is an d'fediw antifoam agent. preservative, and wetting agent for in
terior plywood adhesives containing casein, soybean, or other prot'.:in as thl.' 
binding medium, These makrials haw a marked tendency to foam under con
ditions of mixing and application, To minimize foaming, the Use of about ~ 

percent Yannor® 30~ pint.: oil based on the solids content of the adhesive is 
very effective, 

Preservative 

Pine oil also acts as a preservative for protdnaceous materials lIsed in these ad
hesives, When a permanent preservative is required, such as one of the chlorinated 
phenols, pine oil acts as a solvent for it. A further function of pine oil in ply
wood adhesive formulations is as a wdting agent. Acting as such. it promotes 
even spreading and distribution of the laminating adhesive when it is applied, 

The pine oil is usually incorporated when the casdn or othel protein is 
dispersed in water. Although pine oil is nearly insoluble in water, the alkaline 
solutions of the proteins are excellent dispersants, and no additional emulsifier 
is requin:d to keep the pine oil suspended, 

OTHER MISCELLANEOUS USES 

Degreaser and Fat Liquoring 

In (kgr~asing ~hel'pskins, the re III oval of oils and greases that are present in 
the skins is u~ually accoll1pli~hed by the use of petroleum solvents, In sllch sol
vents, the addition of ahout 5 pl'l'l'ent pine oil. based on the volume of solvent 
used, will give mudl better n:sulh than the solvent alone, This is because of the 
outstanding Ik'ndrating and Wl'tting-out properties of pine oil. A much more 
thorough dl'grea ... ing i ... obtained with a morl' l'Vl'n deposition of any remaining 
trace amount'> of grL'ase in thl' hide, This allows for a more uniform dyeing of 
the lkgreasd sheepskin, 

Pine oil is aho Ik'llI:fil'ial in the fat liquoring opl'ration, The substitution 
of ahout 5 pl'rcl'nt pinl' oil fur 15 perl'ent of the fat liquoring oil will give the 
same results at lower cost. 

Blood Preservative 

Dril'll animal blood i ... thL' prokin base lor \Jnl' type or plywood laminating ad
hl',ive", and I11l'at-packing housl's arl' :1 priml: "OurCl' of blood for this purpOSl:, 
SOIl1.: of thl' lar~l:r packing l'ompanil:s do thl'ir own spray-d rying of the blood: 
alld whL'1l it is rOlltinely IH()Cl'S~l'd, 110 preservativl's arl' rl'qllirl'd, 
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a l'l'ntral locatiun rur drying. Thl.' colkctL'd hlood is primarily a mixturl.' of beef 
and swinl.'. along with minor amounts of lamb and poultry blood. 

lking a pruteinaceous material. animal blood is subjed to bacterial degra
dation and, accordingly. must bl.' protected with a preservative during storage 
and transit. (;el1l'ral practice is to add pine uil at the collecting site, at the rate 
of about 0.5 percent based on the weight of whole blood. In very warm weather, 
slightly more may be required. The pine oil serves both as a preservative alld to 
impart a pleasant udor to the w11Oh: blood until it can be dried, 

GRADES OF HERCULES PINE OILS 

Hercules pine oils suitable for usc in the preceding applications include: Yarmor® 
302. Herco®. and Yarmor 302W. They differ primarily in specifk gravity and 
terpene alcohol <.:Ontent. The dlOice of proper grade depends on the type of 
product being formulated. and such other factors as economics, quality, and 
efficiency required. Typical physical and chemical properties of these grades of 
pine oil arc given in Table I. 

Table I 

TYPICAL PROPERTIES OF HERCULES PINE OILS 

Specific gravity at 
60/60° F (15.6/15,6°C) 

Refractive index at 20°C 

Color 

Total alcohols, % 

Flash point, TCC, OF (OC) 

Freezing point, OF (OC) 

Kauri-butanol 
solvency value 

Viscosity, Ubbelohde 
at 77°F (25°C), cps 

Moisture, % 

ASTM distillation 

range, 5-95%, uC 

Yarmor 302 

0.941 

1.481 

Herca 

0.933 

1.481 

Yarmar 302W 

0.923 

1.481 

colorless to pale yellow 

91 85 76 
170 (77) 150(66) 130(54) 

<50 «10) <32 «0) <5 «-15) 

>500 

18 

0.35 

212-220 

>500 

0.35 

205-220 

>500 

6.5 

0.35 

198-220 


