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INTRODUCTION 

The general trade has discriminated against certain western types 
of beeswax in fayor of bees,vax from other l'egions, both within and 
outside the United States. The basis for such cliscrimination ob
viously lies ill differences in the properties of the waxes, but sill\~e 
virgin bee::;-wax, or scale wax as produced by the bee, seems to haYe 
uniform physical and chemical properties, the differences are clue to 
changes to which it is subjected after secretion. The color and 
texture of the white virgin wax aTe altered in the combs by contact,...( 
with certain pollens and with metals used for wiring frames. as well 
as by contamination with propolis, which is abwlClant in SOl11t' sl'(·tiul\s 

1 Submitted for publJcath n .Tune 9, 10:10. 
, Grateful acknowledgment is dne to E. L. Sechrist (resigned June 30, 1934) and F. r-: 

Todd. of the l'aciflc States Bee Culture Fi~lU Lahoratory of the Hurcllu of BntoIlIOI<1!1.\· 
llnel Plant Qunrantine, for constructive criticism In the conduct or this stud,·; to Y. H. 
BUllrte and H. W. AlIin~er for assistance with the analYSiS, and to R. iI. Gi!1P!t.\ 
1:7ni\-erslty of California Col1e~e of Agri!'liiturc. for sncctrographic work; nnd to ~l. H 
Stone and T. L. Ball, of the Superior Honl'Y Co., for lIumerQUS Instnnces or rQOp.,\'U I inll. 

a U('signetl July 1, 1933. 
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of the West. The chemical eharacteristics, especially acidity and 
iodine number, are c1eeidecliy altered by the admixtm'e of propolis, 
and the various methods of l'ellderiug produce further chan~es. There 
IU'0 many more major honey plants in the\Vestern States than in the 
East, and thpse natural sourceo offer a great variety of material for 
cOlltnmilla6ng beeswax. Because of the many impurities that may 
contaminate scale wax. crude beeswaxes produced ill the \Vest lUtye 

extremely variable composition. Obviously, therefore, they lUay be 
expe..:ted to respond differently to the vllrious refining processes, and 
the relined waxes will differ ill properties and possible uses. 

Since the trade's present classification of crude beeswaxes as desir
able or undesirable products is based on l'ule-of-tl1Umb methods, It 

more definite basis for enlluatioll is needed. To determine the feasi
bility of establishing such a basis, II study was made of the physical 
Ilnl1 chemical properties of numerous erude bees waxes. together with 
tile kinds of impurities and some of their physical and chemical prop
erties. The response of the <:rude waxes to miscellaneous tl'sts with 
metals and to seYeral bleaching tests was also obser"ed, 

C9LL.ECTION AND E'\~EPARATION OF SA~tPLES 

CRUDE WAXES 

:Most of the samples of waxes for general im'estigatiolls Wl'l'e ob
tained from a hll'gl' number of be,ekeepel's ]ocilted oYer Il wide l'angl' 
of territory. Arrangemellts werr usually mad(- in ad\'all('(- so that 
the time of secretion, the plant sOllrce of ineollling nectal', the method 
of rendering. ancI other variables ('ould be retorded. and thell' histo}'y 
was. therefore. definitely known. Special samples wert' obtainNl from 
tIlt' writers' OWll bees through feeding and by 111O\·ing the ('010111e5 
to favorable loeations as conditions warranted. ~11111'y 0jWll-.mal kd 
samples were. also used for pl'elimilHll',Y tests and for lnn'stigatiol1s 
011 their behavior with rnetals and upon b1eathillg. Sixty sampJes 
were seleeted from the collection of c)'lIcIt' waxes to be llsed for analyses 
:lIlcl tests. TIlE'\" are referred to by lIumber in the tables and text. and 
tlata 011 their history are giren ill table I, 

TAUU; 1.-lJe,wrifitioll of ll'a;crw u,~e(l ,ill IIt(, (l/l(I{1J'~('" 

CRCDE WAX 

Sample! Geographical origin I Plan t saurce ColorN°'1,---- ~-------,------

1 I Da,is.._ . 
 ....	1Yellow..._ ('ap[)Inf(s wax, wnter·rrn. 
i dared ill stainless steel,2 I... do .1'(aIra _ ' , .. do,. Do. 

3j'" .. do ,\ lialfa f1n·j star· Drown "'ater·rendered In old honey 
thistle. 	 enn•

4 I .....do...•.. .\rustnrd _ . Pale yellow ..... '. xew·comhs W!\~, waler.ren. 
dered in ~t,.inless steel,

5 Sacramento ValleY' Stnr·thisl]e Dingy Yellow... . (' a p pin gS wax, solnr-e.~, 
. trnrt~·l, remelted in old 
, gnlvanized tan~,

6 Oroville " Fruit bloom, star· Black..... _, ()ld'comb,; wax, Hershher
thistle, misrel·, press.
laneous. 

, ),[sm.anita ..... Dingy Yellow .••. _ ('appin~s wax, water.melted 
in old honey can . 

...	: Creeping sage.. .. do...... _ Do• 
. C/lamar~alia ' .. ,do 1>0.

Ilonnyuew and in· . ,uo Do.
cense cedar, 

I Where n iltnle is not spet'ifled, the location is in C'nlifornin, 
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.TABLE 1.-DcscripNon of 'W(I:I)(,II ·used .jl~ the C/:"alJJscs-Oontillued 

CRUDE WAX-Continued 

Sample Geographical origin Plnnt source 
No. Color 

11 Yerington. Nev......... Alfalfa and sweet· yellow............ 
clover. 

12 OIenn................... Star·thistle........ Dingy yellow..... 


13 .....do............................. ......... Bla~k............. 

14 Shasta.................. 

15 Pin~ridge............... 

16 Colusa........ _....... __ 
17 Ohico................... 

18 Lal,hrop........... __ .... 

_ 
AUalfn anu sweet· I Pllieyellow....... 

-olo\"er. 
Honeydew. in· .....do............ 

cense cedar. 
Star·thistle........ Dingy yellow. __ .. 
Generul mL~ture... Brown... __ ..... .. 

Lima bean........ yellow.....__..... 


19 Antelope \'alley•• _•• __ •• \ Desert buckwheat. Dingy yellowish
brown. 

:!U Ripon... _............... Spikeweed.... ___ Brilliant yellow .. . 
21 Oakland_~ _____ .. ~ __ ~~ ___ Eucalyptus, mis- Din"y yellow.... _ 

cellaneous. 
22 .. __ .do.•• __ ............. Euculyptus. _____ PlIleyellow__ •••.. 
23 },os ~{olinos. __ . __ ...... Star·thistle .. Dingy yellow •... 

24 llakersfield_. •......·1 Cotton . .. ..\ Slightly (lingy 
1 yellow. 

25 Sun Jouquin . __ ...... ' Omnge. . ... \ Yellow ... __ ... _.. . 

26 Corona___ .............. \ .. do __ ..... ' Bluck........... .. 

2i .•. _do.....................do. .. ---I Dingy yellow .... . 


28 ! Imperilll Valle;·. ____ ...-' AHllHa............ 1yellow ......... .. 
, ! I 
~'9 ·' .. _.. dt·.......... .\ Athel. ....... _._ .. _! Dingy white.... . 
:10 i :luntn Ann. ! Orunge ..... _I Creamy_ .... -. -.. 

31 t Ogden. ",.",h iAHalfu and sweet· i Pale dingy yellow 
t ciover. 

32 !_ •••do_. __ ... ...' .. ___ uo..... Bright yellow... .. 
:~ll ....do ..• _•... _I ___ .do____ . Yellow ._ ..... .. 
:14 ..• _do. . ....... _i __ . _do .. _. _ ... Brownyellow._ .. 

Ul:::::~~-:::::: .. :::::::::;:::J~.·"· ":. ~{¥:H:ll~~:=::: 
3S l·· .. ·do.... ·· .. •· .... ·i..·· 3~ ::::.. Brown............ 

~~ i::~~~~~·::::::·:·:::;::j :::.~L::::.::::: ~i~~~t:~f;'~::~: 

43 Mason Valley. Ne\· .. __ • ~[jscellaneous._ .. _ Smoky yellow... .. 
44 __ •••do ....• _ .. _............ do. ___ ......... ___ .do.......... .. 
45 .....do.... _................. do ...... _......... do. ____ ..... . 
46 Fallon. Ne\· ... __ .... .... Alfalfa and sweet· Dingy yellow.... . 

clover. 

4i ..... do_..... _.................do............. Black......." •• 


48 Mason Vnlley. Nev-••..I..... dO.••••.•••..•. Bright yellow••._. 

49 •••• _do..•..•••••••••_•..• Miscellaneous..... Smoky yellow •.••• 
50 Cednnille..•__ •• __ •.••.. Alfalfa. sweet· Brilliant yellow••• 

clo\·er. dllnde· 
lion. 

51 :Medinn. Ohio ....................... _....... Yellowish red. __ .. 
52 .....do.........................................do ... __ ........ 
5.1 Vernonia. Oreg .......... Fireweed... _...... Yellow............ 
54 Sil\'erton. Ore!!... • Fireweed and 5"t~L Bri!!ht yellow.....
55 Woodinville. Was', •••• Firewoed'hlnck' Yellow. __... _..__. 

56 .....do,......................~drL~!~~~~e:._ B,ri!!ht yellow.....

Si Lammle. W yo .......... Alflllfa and sweet· yellow............
l

clover. 
58 .....do...................I.....do.............1Bright yellow..... 

Field preparation 

Cappings wax, solnr..x· 
tmeted. 

Cap pin g s wax. solar..x· 
tm~ted. remelted In gal·
vanized iron. 

Refuse wax. Hershizer press. 
CappingS wax. 

Cappings wax. soiar·Pox, 
tmcted. 

Do. 
Bee·supply manuflleturer's 

general mixture. 
Cappings wax, solar ex· 

tracted. remelted in gai·
Yanized ClIppings melter. 

Now-combs wax, water~ren
dered in galvanized iron. 

Cappings W'lX. 
Do. 

Do. 
Cappings wax. solnr-ex· 

tmcted. remelted in gal·
vllnized iron. 

Cappings wax. 

Cappings wax from copper
cllppings melter. 

Rofuse wax, Hershizer press. 
Cappings wn:t, wntcr·ren

dcred ill gai \'!Inized iron. 
Cappin!!$ wax. soll1r..x· 

tmeted. . 

Do. 


New·cOIubs wa:t t water· reD
dered in ga\vRni%ed iron. 


Open·market sllmple. 


Do. 

Do. 

Do. 

Do. 

Do. 


Cnppings wax. water·melted 
in I'usty ,gal\'8nized iron. 

Open·market sample. 

Do. 

Do. 

Do. 

Do. 


Comb-honeY'scrapings wax. 
Do. 
Do. 

Cappings wax, soiar·ex· 
tmcted. remelted in gal· 
\~anized iron. 

New·brood·mmbs W8.'(. Her· 
shizer press. 

Oappings wax, solnr· 
extmcted. 

Comhhoney·scmpings wax. 
Cappings wax. solar· 

extmcted. 

Commercial "red wax." 
Do. 

Cappingswllx.
Do. 
Do. 

Do. 
Cappin!!s WIlX melted in 

enllmelware. 
Cnppings wax. 

59 Brush. COiO...... __ ...........dO................. dO............. , Cappin!!s wnx. capper ClIp' 

; , pIngs melter. 

60 Honolulu.T.H.......... AIgnroba..........• Nearwhite........ t Cappln!!s wax. solar· 
I ' • extmcted., 
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TA.BLE 1.-Description of 1CUIXes 'used in the analyses-Continued 

SCALE WAX 

81Wlple Geographical origin Plant source Color Field preparation No. 

Davis___________________ ____________________ Whlte_____________ , Scale wa:t_SW-l 

W.AX FROM SUGAR-FED BEES 2 

C'~-~ I Davis ___________________ I____________________1 S1ig~tly yellow____ 1New·comb wa:<:. 
ew -~ _____do___________________ ____________________ ·Whlte_____________ Do. 
eW-3 _____do______________________________________ Slightly yellow ___ . Do. 


I 


2 These samples were prepared by J. E. Eckert, of the University of California. Except for the b'lSic 
scale wax, they represent tbe purest beeswax obtainable. 

Before any physical or chemical determinations were m:tLde, for
eign materials, sl.1ch as twigs, bees, and dirt, were scraped from the 
surface of the sample. Materials imbedded in the body of the bees
wax were removed by filtering the melted wax at 80° C. in quantities 
of 200 gm. through qualitative filter paper into glass beakers. In 
every case the wax was lighter in color after .filtering. Tbese pre
pared portions of the crude waxes were. then used as sam pIe ma
terial for all subsequent analyses and t,~sts, except for the 'tests on 
clarification and decolorization with acids. 

SCALE WAX 

\Vax scales were obtained fresh from the bees by removjn!~ thejr 
combs from the hives, thus forcing wax production. An eigli.t-mesh 
screen placed below the bee clusters prevented the bees from pickin~ 
up the scales dropped by them. These scales were collected. placed 
in cove.red glass containers, and transferred to the laborator}'. 

The wax scabs as received were mixed principally with beE: ieces, 
pollen, broken wings, and insects. The small particles were removed 
by sifting through a 30-mesh screen. Particles as large. as the scales, 
or larger, were removed by hanc1. The scales were then placed on a 
screen, washed with water, and dried in an oyen at 40° C. They were 
next melted in a beaker at 80°, and the liquid wax was filtered 
through qualitative filter paper, where it left a light.-brown residue 
representing the yery small particles of foreign material that ad· 
hered to the surface of th~, wax scales. The wax cake (SW-l) 
obtained after cooling was clear, white, and brittle. 

WAX FROM SUGAR-FED BEES 

Since the procedure for obtaining the basic pure ""ax from the 
wax scales was Yery slow and laborious, R sugar-feediJlg method ,vas 
usecl for obtaining relatively large quantities of practically ~ure 
wax. The bees in open hives were fed very heavily with sugar slrup 
and were allowed to work the wax scales into combs. These combs 
were then remond and melted over hot water in glass beakers. 
Three samples, designated as CW wax, were prepared in this manne". 

... 
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METHODS OF ANALYSIS 

Samples of the prepared wax were subjected to the standard tests 
on waxes described below. These tests wel'e on properties of the 
wax as a whole, not. on properties of specific contaminants. The 
tests included melting point, solidifying point, density, refractive 
index, ash content., saponificat.ion number, acid number, and iodine 
number. Ester numbers and. the est~r-acid ratios were obta,ined bv 
calculation. • 

The melting point and the. solidifying point were determined as 
follows: An open capillary tube of 0.5-nun. bore and 50 mm. in 

Ii. 	 Jength was dipped to a depth of 3 to 4 mm, in a melted sample of 
each wax, cooled, and then sealed in a flame. The tube was attnched 
to a· thermometer, ana the two were placed in a large test tube, which 
in turn was suspended through a cork in a 500-cc. wide-mouthed 
Erlenmeyer flask. The flask and the test tube were partly filled 
with distilled water to the same level. and the assembly was heated 
slowly, the watpl' in the test tube being kept agitated. Near the 
melting point the rate of heating was 0.5 0 C. per minute. The 
temperature at which the wax became liquid was recorded as the 
melting point. Then the thermometer, capillary tube, and test tube 
were removed from the bath and slowly cooled. At the solidifying 
point the wax suddenly became opaque, and the temperature at this 
point was recorded. The precision of this test was ± 0.5 0 

• 

For the detennination of density, approximately a 2-gm. sample of 
wax was melted in a porcelain crucible and slowly cooled to room 
temperature. The wax cake was removed by warming the crucible 
slightly and then attaching it to a very fine tared silk thread. The 
wax sample and thread were weighed in air and then weighed again 
after suspension in 95-percent alcohol of known density at 200 C. 
From these data the density of the wax was cu.lculated by use of the 
formula 

D _ (W1,-W.) XDa _ (W1- }V,) >!:Dn 
:0- OV1- W.) - (W2 - W.) - (W1 - W2) 

in which lJw is the density of the wax in grams per cubic centimeter 
at 20 0 

, Va is the density of ethyl alcohol in grams per cubic centi
meter, lVI and lV. are the weights of wax and string, respectively, in 
air, and lV~ is the weight of the wax when weighed in the alcohol. 

The refractive index was read directly with a refractometer at a con
stant temperature of 800 C. Daylight, reflected from a sheet of white 
paper, was the source of illuminatioll. 

To filld the percenta.ge of ash, a 4-gm. sample of wax was placed 
in a platinum dish that had been ignited and cooled in a desi!.',cator 
for 20 minute!'> and then ,,·eighed. The sample was slowly heated to 
6000 C. in a muffle furnace, to prevent the escaping vapors :from ignit
ing, at which temperature the sample was completely ashed within 15 
minutes. The dish and contents ,\yere then cooled in a desiccator for 
20 minutes and weighed. The difference between the fimll weight and 
the original weight gave the weight of t.he ash, and the percentage of 
ash was calculated from this ~Yalue and the weight of the sample. 

It. 

http:percenta.ge
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The saponification number was determined by the method given 
by Griffin.4 Determinations were made in duplicate. 

The acid number also was obtained by the method given by Griffin.4 
The ester number was obtained by subtracting the acid number 

from the saponification nlUnber. 
The iodine number was determined bv the Hanus method.5 A 

2-grn. sample was used, and 40 cc. of ~ chloroform served as the 
solvent. 

These methods were employed whenenr analytical data on waxes 
were required. 

CONTAMINATING MATERIALS 

Wax scales are subject to \·tn·ious kinds of contamination imme
diately after they are produced. ,Yithin the hive contamination 
begins when the scale ,yax is manipulated into the comb by the 
mouth parts of the bees, to which dust and pollen aeDlere. The wax 
in the comb, fmthermore. is constantly in contact with propoiis, 
pollen, honey, dust, and brood or its food or decomposition prod
ucts. Under such conditions solid particles become imbedded in the 
wax surface, and wax-soluble odoriferous substances. coloring matter, 
and the like cliiIuse into the wax. Further contamination oeClll'S 
when comb or cappin(fS waxes are rendered, because the hot '\'ax 
dissolves propolis, pollen coloring matter, and foreign substances 
contained in the brood. Hot ,yax usually darkens when in contact 
with honey or water in vats mad", of eertain metals. 

The dispersed solids in crude wax haw been found to consist 
chiefly of dust, inse...:t remains, bits of stra wand leaves, pollen 
grains, rnst, and many other materials with which the wax has bpen 
brought in contact during handling llnd processing. 

Deviation from lO'ither the phYf;ical or tl1(' chemical value5 of the 
scale wax, as obserwd in the crude or tJ'eatec1 samplef;, illdieates 
contamination. 

PROPOLIS 

:Many plants produce bud-coating gums, called propolis, which are 
insoluble in water and are collected by bees for 1'arious m:f.'S within 
the hiws. Propolis is therefOt,(, a wry e0111111011 constituent of the 
impurities dissolved in beeswax. Some natural contamination of 
the wax occm's, because the bees llse IE'opolis to YHl'I1ish surface!: and 
to fiU spaces between the frames that art' too RmaJ] for them to eliteI'. 
Much more propolis contamination resnlts from mixing and render
ing "scrapings wax" with crude WfiX from othe,' operatiol1f;. 

Several samples of propoli::i were collecteel from beehives located in 
widely separated districts. At. room temperature some of tllE' sam
ples \\"I're soft and sticky, whereas others w(>re hard and brittlE'. The 
color ranged from light yellow through l'E'ddir.;h brown to Yery dark 
brown. Jaubert G reports that the yellow color of eomb wax is dne 

of, GR[FFIS. U. C. TE(,IISft:' ..HJ :'.JE'r1l0DS OF .\.~.\f,,\"AJS .\f'; ";)Jf'~n\"F.n J=" THE r~.\n(ln.\TnltJFS 
OF .ARTUrIt - u. LI'l"l'f4E, l.se., (\\')lBrtll>fJE, :-'1 AS:-;. Ed.!.!. !)!!U pp .. illllS~ :\(IW Ynr'k. 1n2•. 
See p. 36a. 

"ASSOCIATIOX Of' OFFICIAL .-\.GH\(Tr,n·IL\L ('HfaIlSTI<. OFnClAL ,\XO 'n:XTATIV& ~1!-:"H{)Il:; 
OF .\XAr,YSIS.Ecl. :1, ,on:l pp. WnHhlng-t'on. fl. C. 1 n:lO. Xp!' PP. :11 ()-;J~n. 

6 .TArnEW1\ c:~ p. St'R L'OItIGIXE 0(-; ,~~ (·or.OJu·I'IO~ Dr; I.A ("I Ufo: ntARCfI..LE\{ E"r r...~ 
C(J~I\'osl'r\{lX Of: LA 1'1101'01.15. CO"IPt. Hend. Acad. Sei. (['nrb] lH4 ' ] J:14-J 1:111. l!l!:!'. 

.. 
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to the presence of chrysine (1,3-dioxyfiavone) originating from 
propolis. :Most of the samples had a spicy, pungent odor somewhat 
distinctive of the plant source, ·whereas others had yery little odor. 
Most of them tasted bitter. 

Propolis placed in melted beeswax dissolved partly or completely 
and imparted to the wax many of its physical and chemical pro~rties. 
Samples of beeswax that were high in 1)1'opolis, such as Nos. 43. 44, 
and 45, were distinctly sticky and possessed other abnormal char
acteristics, such as high density. index of refraction, :mc1 acid and 
iodine numbers (table 9). 

Three samples of propolis were tested f0r melting point, density. 
and iodine number. "\yith the following results: No definite melting 
points; densities at 20° C' l 1.033, 1.121, and 1.145; iodine nnmbel's, 
19.6. 21.B. and 19.0. The saponification llumbers for tIl!.' first two 
samples "\Yere 28.9 and 69.3. The l'efractiYe index for the third sample 
..,-"as 1.45 and the acid 11umber 125.0. These sanlples of propolis were 
obtained in dHferenl. localities from the "\"ax samples X 0:-:. 43. 44, 
and 45. 

Certain light-colored samples of propolis darkened :"Treatly when 
heated in boiEn/l' water for 7 to 10 hours. The colo]'(:>d waxes known 
to contain propolis also darkened ,,,hen heated for 7 to 10 hours in 
glass beakers at about 75° C. In some cases lllo"\wl' layer of very dark 
reddish-brown li[lUid separat(:'cl from the melted wax when it was 
allowed to stand undisturbed . 

POLLENS 

Pollens constitute another importallt SOUl'Cf> of coloI' in beeswax. 
Some highly colored pollens contain oil-solub~e colored substances, 
usually ;ye]]ow or orange. which are re:l(lily soluble ill molten b~SW'lX. 
If pollen grains containing these colored substances ilre brou/Iht into 
contact "\,ithwhit~ scale ·wax. the coloring matter in mo;;t caS(>s diffuses 
into the wax. slowly at room temperatures but wry rapidly at tem
peratures abow the mel6ng point of the "\vax. In seyeral experiments 
white wax ·was expospcl at 68° C. to fresh polle11 grains from YflriollS 
sources. Table 2 records the 1'PsuHs I)f tht'~e experiments. In some 
cases the ·wax became colored. ·whereas in other:; no l'olor change 
occurred. 

TABLE 2.-'('070r8 imparted to !chite liquid Dp.eb'lcax D!f pol1el1,~ ·/Cheil CJ'P08f'(/ 
at 68° O. 

Plant source o( pollen Xatural color of pollen Co1nr imparted to beeswax 

Allalla (:\[edicago3atira),., ,.,',..... YellowL,h hrown ... Xone. 

Algaroha (Pro.opi. chi,en.i." ". .• ." Pale ,ellowish... .., Do. 

• -\sparagus (~bparagu. officinal", ., .,,__.. (Jrun,::e I'a~e yellcrwi~h orang~• 

Black mustard (Bras,,;e,; nigra) .__.. . .. Light ydlow Light yellow. 

Broom (eVti8us .eopariusL. __ . __ .... .. ..... __ . Oran!!e red Trace (·f yellowish oran"•• 

CaJi(ornia·poppy (E3eh.<choltzia ea[ifomica)...... nolden ... Bri11lt\nL orJnge yellow. 

Dandelion (Taraxacum officinale),. .. •.. .... Bright yellow Bril!bt yellow. 

Deciduous (ruils ___ . . .. __ •••. Yellow to brown. Yfi1o-v.·. 

Filaree (Erodium ciwiariu711) __ ........ Bri~ht red Xone. 

Flax (Linum lL.'fitatissimt. m). ~ ~ . _ Cireen'iSh hltJ~ Do. 
Globe artichoke (Cvnara se01VTn"'I._. . Creamy white Do. 
Gum plant (Grindelia camporuml.. Golden yell"w YeU.....-. 
Hollyhock (Aithaea roua\.. . White Xone. 
TJadino cloyer (Trifolium repen,) Brown. ~~~:. of yellow. 
Orchard rnornin~,~lory (Conrolrulus arren.i.;. ,White. __ . . .. 

Perennial sunflower (1l'vdhia any/ull/olia,. Bright yellow ........ Brighl yellow. 
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T.<\BLE 2.-00lo1"s -imparted to white Uquid becswaQ; hI!' pollens when exp08ed 
at 68° G.-Contiuued 

Plant source or pollen rNatural color or pOllen.f Oolor imparted to beeswax 

Redmaids (Calcm.drin.ia cau(~&Cen6) __....___________ Orange yellow. _______.. 1 Br!11iant orange yellow. 
Spikeweed (H."uzo?uajitchu)______________________ Golden yellow ________ 1Bright yellow.
Star-thistle (C.,,!au,"a 6oi3titia/i6)____ ______________ Pnle yellow _ _ _ ________ Li~lit yellow. 
S1,Ip.flower (Helianthu8 bp/and.ri)___________________ qolden________________ BrIght. orange yellow. 
"ilIow (Sa/ix sp.) _________________________________ yellow________________ Very light yellow. 

U nlm ~wn_________________________________________I{Biu~_o:::::::::::::::::1 N on~o. 
Purple________________! Do. 

METALS 

Since aJI comb wax has pollen grains imbedded in it, coloration is 
very likely to occur during the rendering process. Other substances 
;not colored may also be dissolved by the ,vax and affect the chemical 
behayior of the rendered wax. In the process of rendering ,)r remelt
ing oyer water in iron trays, the yellow color of the cruc1e wax js 
masked by a dark-brown or black appearance. I 

Experiments were performed to determine how contact with metll.ls, 
in both the dry and wet states, affects the color of various waxes. The 
wax samples were melted either in beakers in contad with the 111<:'tal 
or in pans com posed of the metal to be tested. They were heated 0 \-er 
a steam bath (1000 C.) for var:ring periods of time, and the c610r 
changes noted by comparison wit11 a portion of the original sanmlp. 
Table :3 records some of the results of these obseryations. ' 

TABLE 3.-Effect of metals on thecol.orati01l Of hees!cax 

IRON 

Exposure Oolor or wax 

Sample 

l~o. t 


Wax in contact with- Time I Original Final 


I HOll;!
L-----------t Beaker + iron wire, dry_______ 7 i Whitc_________ . __ . Nearl:.· ..hite_ 

QSa 1 2------------ ' Beaker + iron wire + water._ i !.____ do_____________ Brownish. 
- - 3____________ Braker + ferric ox.ide__________ i I---__ do_____________ Do. 

4 ___________ Beaker+ferrJcoxlde+water_ i ' ____ do. __________ . Nenrlywhite. 

L _________ ._ i Beaker + iron wIre, dry_______ 10 i Pale yellow ___ •••. Yery slightly darter. 


1f 
2. _____ . ___ ._, Benker+ironwire+wat~r___ 10 ' .• ___ do ____ . _______ Brown. 
3 ____________ 1 Iron skillet.. _______________ •. _ 3H i.- ___ do. ________ •__ . Do. 

L ____ •______ i B~aker+tin+iroufilings+ 10 j.____ do. ___ .. _____ .. Do.


I water. I

2 ___ . 5____________ • Tinned pan (scratched) + H , _____ do______ •. _... _ Do. 

f wnter. j <

6------------1 T.inned pap.. dry: ------ •. ---- _ 3H f-----do-.--_------. -r Sligh~ly darker.i ___________ -' Beaker + Iron fihngs + water_ 3 _____ do ___ •_________ OrnYIsh brown. 
8. __________ .1 Skillet+water. __ ' ___ • _. __ . 4 I----do.- _____ •__ .- Do. 

9____________ l Hea.ily tinned pnn + water.. 3 I. __ •. do ....... __• __ Slightly darker. 

L __ , ________ r Beaker + Iron wire + water__• 4H i Smoky yellow _. ___ Black. 


43____ 2 __________ . Skillet + water _. _._._._ __ ~J :_____ do. ____________ Blackish brown. 
{3_____ ----I B"l1ker+ iron filings + water. ~l"-- do __ ...__ • Brown. 

4___ •_______________ Beaker+lronwlre+water_. HI Pnleyellow ______ . Do. 
Davis bur comb I Skillet, dry____________________ IH _____ do ___._. _____ ._ Brownish yellow. 

wax. ~ 
OW-1. ___________._: Beaker + iron wire + water__ . .,
OW-Z______________ l. ___ . do ___ •____ . ______________ .. _ 5 

~~v~~roiis--mi;ccl:T G~i~~niied-iron-;ai-+-;iiter:: ('~
laneous samples. ' 

1 ",," designates cbemi<"lU y reflned wax. 

http:metll.ls
http:bp/and.ri
http:Calcm.drin.ia
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TAIlT.E B.-Effect of l1Iet(l/s 011 t1:e c%mtirl'll of 1ICSIL"(I(I)-Colltiuued 

'){ONEL 

Sample 
NO~l 

Exposure Color o! wax 

Wax in con' oct with- TIme Original Final 

ren, .••.._•... _____.' Beak~r + monel rilinllS + GH Wbitu ........... Bluish ~reen. 

I wuter. ' 

o)~ PElI? y()lIm~. _, ._,. .Pale llrowni<h yello"·.;:,..--{.i:::=:::=::::hj(;n~gr +-,;o~('i plnii;:____ ··,-· i 2~~ BriJ:ht yellow Brown.__ '0' 

--.-. 2•. --.--.----'[ "Benker +mone1 Illate + I I ~" __ .. do......... __ Do. 

water. 

----------------_._---'-------_.•.._-----

_-\LL'.MIXL'!\f ____.____~_o_..__~_.. ..__.__ _ 
28n ~. __ .~ __ ~ ___ ._"_: .\!lllninum + \\·nt(or~ .... _ II.!j Whit~. ._. : Whitl'. 
43 ••••• _,._. _ '" __ do .. _ • __••_ 3 I Smoky yellow : Smoky yellrJW', no 

I ,,.ho.ugo (,X(1'j1t $('pn~ 
mtion of re~in. 

Numerous nddi· , WN and dry ___ ...... (') : Vnriabl" '"~_~~ .. i ~:u('hllng(l.
tional snmple<, I

.J._ 	 ! 
OTIIEH )IETALS 

43 .• __ •• _••_.• _•.•_.' PlntiJlumdish.,. w.ter ___ ._ •. ! 5 Slllokry~1I0\\·.... i Smoky yollow, no 
chunge e"cept sepa· 

l rutlon of resin. 
3~L___ .. _____ ~ .. __ ...... _: llras5+ water ~ ____ "_,, __ . ___ ,,, h Bright ydlow_. __ . Brownish yellow.

5Mi __ .do ............ Oreenish.:5::::::::::::::.:::' ~YJtl~~r:,,:~~~;~.•::::::::: :::: 1 2 Smoky yellow.• " SUloky yellow, noI
I 	 change except s~P'" 

rution ofresin. 
,'ariolls ~nOlples .•• 1 Zinc, dry and wet. _•.•.. ___ ", ' (') : Vnrlable Always chunge to dark· 

er shades. 
Do,.. _. _•.• __•. I Powdered pure tin, dry and I I.') ;. __ .do _. __ •__ .••. Ko change 

wet. I 
..._-_.._-_._--"---

CHECK;'; (:';-0 ')[ET.\L) 

Numeroussnmjlles Dellk~r, dry anil with "'hter.•_ I Whitetoyellow_.l~ochange.
of nonpropoJiscd ; t 
wnxes. I 

43.... .. .. tlo •• __ ................. 1 ' Smoky yellow .... I Smoky yellow, resin 


.. _...____.__1__ J.______ L~~~lronted o~__ 

, '-nriahle. 
, \'arinble to .24. 

.~ Tl~p white WaXl'8 di:::coJoretllllllch Ies,; than the crude. Probably the 
impuritips 1n the (']'ude waxes wel'e l'E':::-pollsibJe for the color chan~es.j.. 
The ('rllde waxes that contained 111l1(']; propolis, sllch as No. 43, <.tis
colored Yel'y rapidly in contact with l1'on~ darkening slowly even 
when heat('d in u-Ias!'. Part of the I)!'opolis changed tQ a very dark 
sllh~tance, whidi sPpn1'flted from the wax. This resinlike portion 

.. 

l fjflfH17-!1fJ~-2 
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,vas hard.and brittle af~r cooling. Cru~e wax containing little or 
no propohs showed practIca.lJy no ehange 1Il colo • .' when heated for a 
few hours in glass, platinum, aluminum, 01' stainles3 steel. The 
presence of water greatly accelerated discoloration of the crude wax 
by iron. The zinc coating 011 the gah'anized iron in the tests in 
which water was employed was soon dissoh'ed by chemical action of 
the solution1 leaying' the iron fully exposed to further chemical ac
tion. HeaVIly tin-plated u'Oll was pradieally without effect as long 
as the tin coating was not abraded to expose the iron. 

Sp.veral adclitional tests were condueted with filtered white wax 
from a ccmmeJ'eial refining plant. These waxes ot'came discolored by 
11eating in the prese11('<: of water with iron, brass, zinc, 01' copper, tIle 
discoloration decreasing for HlP metals in the order named. No 
appreciable diseoloratioll resulted from heating under similar condi
tions with alUlll)l1Um, niekel, platinum. pure tin. and stainless steel. 
:Mollel metal had no effect 011 theBe "'axel" 'when dr". but when water 
was pn:lsent a greenish discoloration c1en;>lopcd aftp.·l' long C'xposnre. 

These laboratory tests. together with consideration of ('o:::ts and 
practicability, indicate th£' desirability of llsing aluminum for ('0111

merciall'endel'iIlg and certain other procPssing eijuipment. 

CLARIFICATWN OF CRUDE BEESWAX 

Crude beeswax. "whether it is to be refined or fabricated for use 
again in the bee industry, must be ,first melted in water and then 
stra~~ed or setrled, or both, to remove honey amI most of the 3US
pelllIe(t matti'L Thp. wax is melted :in insulated tanks by steam blown 
direetly into the mass or by eontaet "'jth steam-heatC'el eoils. The set
;!illg reql1il'eS lllany homs, depending primarily 'UpOll the quantity of 
'>aX, the efficiency of illsulation. the maximum temperature to which 
tlj~ wax ,,,as heated, and the temperature of tllC' surl'oundillg8. Some 
particles rise to the surface and form a scum, but most of them sink 
to the boundary hetwet'n the watel' and the melted wax. The clear 
liquid wax is di'awn off and east into blocks. S~I1furic acid is some
timps added to the mixture of water 3.nd wax to hasten the clarifica
tion, and in such ca~s partlal deco!1 ';lzatioll may also occur. Re
moyal of suspended solids from the crude ,,'ax lllust be performed 
carefully to prewnt chemieal ehanges that "would impart lIndC'sirahle 
properties. 

DECOLORIZING PROCESSES 

In the candle and cosmetic tr~(h's. and also in the ]H'ppamt ion of 
models, a nearly white wax is requlred. 'Yax m\l.st thHdore be 
bleached to make it aceeptable for these trades. TIl(' proce~iSC'S for de
colorization include the lise of snnlight. fin('ly diyjded adsorhing: ma
terials, and chemieuls. Crude beC'swax clarified llllll partly (11'('olol'izNI 
llya preliminary acid trC'atment responds 11101'1.' 1'I.'adily to dp('oloriza
tion or bleaching by snn treatml'llt and lldsorption than wax !lot :-'0 
treated. 

PRELIMINARY ACID TREATJI.I!;NT 

Samples of erude bees\yux frol1l the writer'~ ('olledioll ha \'i!ll! a 
brown or blaek color were found to lose tlwsp ('olor:; wIlen hoil('(l III 
glass beakers with solutions of oxalic. orthophosphol'ie, acetil', or 
,citric acid (table 4). 'VhC'n eoIel. the trC'ated waxes wen' lI~lIally a 
dear yellow. Qualitative tests on the aei<l "'II,,h solutions showed the 

+ 

).: 

:. 
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presence of iron hl most samples. Crude waxes that had become 
brown or black on treatment with ir,)U or iron oxide in the presence 
of water (table 3) lost the discoloration when agitated with a 10-per ... 
cent. oxalic acid solution. '1'he crude samples :yellowed by acid treat
ment had apparently been discolored earlier by iron or iron saItE:. 
Colors imparted by other metalR, such as copper, were also removed 
by the acid. 

TABLE 4.-Effcct Of a( ilL treatment on the color Of crllde beesleaa: 
f 

Sample Ko. _"-cid I j Color of wax before Final color of waxI t.reatment ! 

h:::=======:==::::=16~~-;f-c_-:--=-::-:=-:-::-:-::-~:-:-::-::-:-::-:-::-:=1 ~~k~roWii__:::=::=:=11 ~~~I~~h yellow. 
6____________________ Citric.. ________•• _________________ 1 Black____ • -.--------- Brownish yellow. 
6_..________________.1 .\cetic {J percent)______________________ dO _______• ________ j.YeIlOWiSh brown. 
13... _____ ...__ • ____• II Oxalic ..... __ .._____._...__________ ,._00 _do. __________.____ Ycllow. 
17_..._____ ._._______ Citri.c________ •_____________ . ______ 1 Bmwnish yellow ------1 ~right yellow. 

_. ___23.__________ .._____ 1 Oxnhc_..__ . _________ oo _____ .. Dingy yellow_. __ 0 __ ._ 1 cllow. 
25___......_......_., OXflllc (2 percent) for 1 minute._.. Yellow______ •________ ' Do. 
32..__________• "'__ 1 Citric_. --- --------..-------------1 Brilliant yelloll" -. ___ .I Brim.nnt ,ellow..35.__________________ Acetic (1 percent) _____ ·---------.. 1Xearly black ________ .j 13rownlsh yellow. 

il~~~~~~~~~~~~~~~~~~~ :~~~~r~~~~~~~~~~~~~~~~:~:~~~~~~~~l-~%~~~~i~~~=~~~~~~~~I~~~~fown. 
Various...._________ Orthophosphorlc, various coneen-! Various. ____ •.. __ . ___ ..1S om ewh a t Ii g h ter 

tratlons and time. color!'. 

, The snmple:; were boiled with !O-percent acid solutions for approximatel, 10 minutes unless otherwL<e 
specified. • 

, A second lot of similar wax, as original supply ,.-as exhausted. 

Conceivably the acid treatment might have affected the. acid number 
of crude beeswax. To acquire data on this question, tiO-gm. portions 
of the prepared samples of six crude beeswaxes were mixed with 200 
gm. of 10-percent oxalic acid solution~ and similar portions were 
mixed with 200 gm. of IN sulfuric acid solution. After they had been 
boiled for 20 minutes, the mixtures were cooled and 15 gm. of each 
solid wax sample was removed for determination of the acid number. 
The remainder of each treated sample was then remelted oyer four 
times its yolume of distilled water, and the mixture washed by agi
tation for 7 hours at 800 C. Again 15-gm. portions of some of the 
waxes were removed for determination of acid Dumber. The results 
are recorded in table 5. 

TABLE 5.-Add nU/nocrs of crude l{"(/J:e,~ before alld after acid trca·tment 

---1_-_-_··-;-__ ! AcId number.-I._C_id_n_U_m,be:-r_____ 

I FolJowlnr one 
water wbOh 

Sample
No. Orig·

inal 
after treatment 

with
crude 

Although the acicl :numbers of the waxes were almost always higher 
immediately after the acid treatment., after being remelted and washed 
with water tw·o of the three samples so treated had acid numbers 
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slightly lower than those. of the original waxes. The cause. was very 
likely th.e retention of some free acids by the wax and their removal 
by washmg. 

SUN BLEACHING 

The sun has long Leel1 useel to bleach beeswnx. The ordinary pro
cedure is to spread thin sheets, grnnules, or chips of the wax on sheet:
of canvas and expose them to the sun's rays. The lUass is k~pt wet 
by sprinkling with water and is frequently turned over to expose 
new surfaces. This process is slow, the bleaching time yaries with 
diffe!l"ent waxes, and reflaking has proved necessary for some. 

Sun bleaching of solid beeswax in any of the forms mentioned 
aboye was not possible during the summer in the vicinity of Davis, 
Calif., and in !SOlllP preliminary experiments the wax ''In!'' kept in the 
liquid state bv the. sHn's heat. 

These expei·iments were then transferred to 1Vabu:::ka, Nev., where 
conditions for sun bleaching the liquid wax were more satjsfactory. 
POJrtions of 46 of the crude-wax samples were exposed simultaneously 
in shallow aluminulll pans mOlll1ted :in a trough in eontact with hot 
watrr (83 0 C.) fr0111 the hot springs at 1Vabuska. The molten wax 
layer in the pans was about 1.5 CI11. deep. 1Vhen a wax became white 
or nearly white, it was removed and the time of expOsure to the sun 
noted. A.t the end of 421h hours (1: 30 p. 111. on Augl.1"'t 7. 1935) the 
remaining samples were remoyed. 

Table 6 shows the results of these obselTations. The color disap
p'.:!ared entirely from seyeral waxes and became ll1ueh less intense in 
the others. Not only diel the waxes bleach, but they also became very 
dear by coagulation anel settling out of floating par-ticles. No rela
tion has been found between the pr·operties of the crude wax and the 
€·ffrct of sunlight on color. 

T"\BLE G.-Bffect Of .~III/.1iuht 011 the cl)lor 1 of liq/lid erucie becslfa.r 

'I'Sample ExPO-' -~l)lor before Color after r S:lmple ·II-~x~:~;. -~:;: b-eiore I r .,I:r-':;:-
No. sure: ~,posure exposure No. sure t exposure exposure 

;:::-~- . I .~~--- -_---' [Jov.•.i.·-.--~-.-I .. 
EO......... 9 I:-;Il<lrly whILe..••! \\ hlte. 3,......... 4_\~: DlOgy,ello,,_. I II hlte. 
18.__•••••• 1~ yellow.•••...••• : Do. I 4fJ ---.--.. 421~. _._do_••.. _' __ '1 Do. 
30._•..•••_ 18 rroamy•.•• __••.: Do. 21....._... 42\~1" .•. do.......... Do. 
4........_. 20 I Palo yollow..... Do. 112........-1 421'j' ... '10 ..... "_"1 Do.

2 201~ Yellow_..... _....; Do. 17 _____ ....... .12 1'2 BrowIL __ "_~~_~_ Do. 

l·e:::=:: 20~..... !In•..•..__•.. DIl. . 50.._. __ ••• 42!-5. Bright yellow... Pule brown. 
15.......__ 21 I pnleYOllOW.....·' Do. ; 25... .... 42h.·, Yellow.•...•..1Pnloyellow. 

23......... 21 I Din~yyellow... Do. 1'6.......... , 42t2! Blark ........ .! Palebrown. 

5._•••••. _. 21 .. do...........1 Do. 34....... _. 42b, Brownish YOI'I Do. 

53......... 25J,~ Yellow••.•••••_.1 Do., I low. 

9.. _ .•._.•1 25tf Ding;' yollo\\-•.. i Do. i 57......... 421";i yellow......... Pllloyollow. 
48..•_.....1 26 Bright yellow_._! Do. I 49 ...... __ .1 42'" Smoky yellow... :-:Jo. 

i8 .......... 26 Dingy yellow...! Do. 1 35 ..•_._.. 4211r Xearlyblnck _•. Pale brown. 
28.........1 26 Yellow""""'1 Do. I' 47··· ••••.•1 421 ;'r Bhrk..... _... ' Brown. 
_/11•.·.·~·._··.·••··.1' 2;· Ughtyellow_... , Do. '44... _.• _.. 42~~ l'moky yellOW...] Yellow 

. . 35 Dingy yellow•.-' Do." I f ("ream. 
1.._.......: 35 y~!lOw.......... I· Do. ,I. 3;; .... __ . __ , 421~. B.!!lWn or grny.. Dingy gray. 
27......_..: 35 Dml!yye11ow... Do. 130......... 421J' ~enrblnrk ..... Drown. 
5410•..••.••.••••...=1 35,~ Bright yellow _ • .1 Do. /.' ~"......... 42>~1 Dirty yellow..._' Dr 0 w uis h 

- 35l" Dingy;-e11ow... , Do.' . I cream. 
16......... 42~ .. ti~ ...........! Do. ,',12......... 421~ •. Bright y.ellow. "j Pale l"re~ml. 
31.._. __ ... 42H Pulo dingy yel'l Do. \ 43 ......... 421,i Smoky ye110Il·.. Y e I low 

I 10"'. .' t f cream. 
333••••.•==_....._.; 42~ yellow.••_....... Do. 1151.....-... 42!"';; Yellowish red ..., Yellowish 

. .. 42~ Brown........../' Do. II I I brown.

19.._••____ : 42~ Dingyyellowlsh Do. . 32......... 42~1 Br;lltunt yellow. Yellow. 


,brown.. , I 

1 It was difficult to describe the colors oC waxes sntisiactorily. In some waxes tbe shade chan~ed betwoon 
time oC collection nnd use. None oC tbe sun·bleached \l'a:!: "-!lS 3now white, and no 2 sample; were i.jpntical 
III wblteness. 
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.:liter the l'l'II1oval of the material that had settled to the bottom 
of the 'wax. 100 ~m. of ench sample was placed in a glass beaker, 
melted at 80:> C. 11l a (lJ'ying oyen, and then filtered through qualita· 
tin' filtH' papPI'. The physicaL and chemicnl deteL'lninations were 
llInde Oil the filtl'1't'd waxes (table 9). 

l:SE OF ADSORIJING AGENTS 

Anotlwl' 1)J'oe('~~ lIsed for clecolorizing crude beeswax consists esseu· 
tially in brinO'ing the molten crude ,vax into contact with small 
pal't1('le~ of tulSorbing E'olic1s, such as infusorial earth, funer's earth, 
01' bone charcoal. Processes of this class are used in wax·refining 
plantE in many p~rts of the Uniteel States. Since some waxes will 
not l'l'spon<1 to tIllS trt'atment, waxes that are to be bleached must 
be, sel('('tNI. Apl)arently this selection is merely by rule·of-thumb 
method. Seyera experiments were therefore performed to deter· 
mine some of the factors involved in decolorization. 

III the first experiments severn I adsorbent. materials were tested 
lor efl'ecti,·eness in c1ecolOl'izing two samples of crude wax. Of 
FiIt 1'01. S llchar, fuller's earth! SUJ)ercell, and bentonite" Fn'b'ol 
}>ro\"('<1 most e{rectiY('. The time of contact, the tempel'atllI'e~ and 
also the relative quantities of Filtrol and crude wax influenced the 
degJ'ee of deeolorizatioo. Treatment at 80 0 C. was preferable to 
treatnwllt at 1300 becallse of darkening at the higher temperature. 
TJ'<:'atment with Filtrol for 15 minutes· proved as effective as treat
ment for much longer periods. The percentage of Filtrol required 
for clifYf'l'ent mixes ranged from 5 percent UPi sometimes even 60 
perceut failed to c1ecolorize the wax. 

Physical and chemical analyses were made on 12 waxt's that had 
been trpntcd with Fi1tl'ol for one·half hour at SO" C. to determine 
·which properties W('l't' affected by the process. The mixture of Filtrol 
and wax 'was stilTcd with a glass rod every 10 minutt's. Approxi
mately 30 gm. of wax \yas nsed for each sample, llnd the percentage 
of Filtrol ranged from 5 to 50. Se\'eral of the snmplt's were treated 
with more than one concentration of Filtrol to determine the maxi· 
mum effect. The efrect of the Filtrol treatment on the color of these 
waxes is shown in tablp 7. 

TABLE ''j.-/~rfc('t oj Filtro/. tl't,.tllll!Jlt 011 the ('0101' Of "I'IU/(' bf'f,~lcrlJ' 

8amplr X()t~~i~~,~;.l Original color Final color ISample Xo. !o~~~~·1 Oril'inal color 1- Final color 
I tration I tration 

;pucentl' I pacentj-----l 
3...•••.•. ,.if !5 Brown•••••• - Xyn.rIy wbite. ,I 21.......... 151 Dingy yellm~: Xc"rly wbite. 


'I 50 .•.. ,do, .•.••••• \\ hlte. 1 34. •••••••. ro Brown yellow . Do. 
10•.•..••• ,.' lQ 1])ingyy~lI"w X~arly white.', 35••••••_... 15: Xearlr bl!lCk I Pale j'~lIow.
11......... 5 : Brilliant reI· Do. II 39 {15 : Dark brown.. Light hrown. 


1 low.; "......... 51) , • ._A,I.. ' Xearlywhito. 
~ : Dingy yellow: Do. 42•. _••••• __ \ 15 ~,jng~ yel.low· , D.O. 

12...........[ 1~ , ••.••do........ Do. ,,13 ..•••••... 1 2\J. ,"loky yol· ,smoky yel· 


~ :::Jg::::.:::: Eg: i 4.;, ......... .1 •• ,:o~.;'" .... 1
2Q lon·o. 
16••••••.•.• { 50 ,••.• _do ___ •.•.• Do. 

Some experiments were conducted to determine the effect of iron 
staining on decolorization with Filtro1. Fivc-pel'c('nt aqueOtlii ~Olll-

.. 
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tions -of ferric chloride and ferrous sulfu,te were made up, and 25 gm~ 
of each of eight crude wans was boiled fol' 5 minutes hl 25-cc. por
tions of each of these solutions. After being cooled to room tempera
ture, the waxes were sepal~ated b.·om the solutions and t.reated with 
10 percent of Filtrol at 80° C. for 1 hour. The results appear in 
table 8. 

~ABI.E B.-Erred Of s/aillill!1 {I'om ,iron 8rLlt.Y on the rlccolorizrr.fivll of cru.!le '1('ameS 
1vith FiltroZ 

Color ofter treatment with-

Sample Original color No. Ferric FerronsFerric 'Ferrou~Filtrol chlocide and sulCnto nhdchloride sullateFutral Filtrol 

5.••.•...•. Dioln' yellow. Orayish white Dork gray•._ Pole hrown ••• Yellowish ·White. 
groy.

18......... yellow........ Light yellow._ .••••do.... __ Ye 11 0 w ish Dingy yel· Ye!lowlsh' 
white. low. whita. 

2Q........ Brilliant :yel· White......... Light gIn:y._ Orl\,•• _._.•••. Drown.• __ . White. 
low. 

43......... Smokyyel!ow. Smoky yellow_ Black••._... Dark brown... DIack....... R u sty or 
ornage ye1
low. 

45......... __...do. _____ ... _. __.do__ ....._. Oray_....__ . Dingy yellow. Brown...... Yellow. 

51.......__ YellOWish red. Brownish yel· .....do....... Light blown.•.Block....... Do. 

low 
53......... Ye11ow._______ White with 

yellowish
tint. 

__. __do....... White.____.... Light grny.. White. 

Very !igbt. yel· 
low. 

Dnrkgray___ White with 
grayish
tinge. 

Dingy
loW'. 

yel- White witl. 
,ellowlsID 
tinge. 

From table 8 it Ciln be seen that in some cases preliminary treat
ment of the crude wax with ferrous or ferric salts promoted formation 
of white waxes upon tl'eatment with Filtrol, whereas without this de
colorization treatment the iron salts were detrimental. 

CHEMICAL TREATMENT 

Many chemical methods have been reportecl for the decolorization 
of crude beeswax. Some prescribe agitatin~ the melted wax in con
tact with aqueous solutions of either oxidIzing or reducing agents 
in dilute sulfuric acid solution. ·When several representative samples 
of crude beeswnxes were treated with such oxidizing agents as 
sodium dichromate, sodium permallgunate, potassium permanganate, 
hydrogen peroxide, aIllIl"!-oninm persulfate, or benzoyl peroxide, none 
were completely decolorJzed. Moreover, many of the treated waxes 
were more brittle tlllUl the orih>1.nal wax. In other experiments zinc, 
aluminmn, magnesium, tin, RllCl other metals in gralluliu' or powdered 
form served as reducing agents when suspended in dilute sulfuric 
acid solutions alId agitated with the melted crude waxes. Very little 
decolorization resulted; hI some cases the color became a brilliant 
yellow, probably from. the actiOll of the dilute acid, as shown in some 
earlier studies (table 4). 

The action of some oxidizing and reducing agents was tested in 
slightly basic solutions. The wax was present in a highly emulsified 
state. Hydrogen peroxide and sodium hypochlorite proved to be 
eifectiYe, but the decolorization was not so rapid with hydrogen 
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peroxide as with soaium hypochlorite, and not. all the crude waxes 
decolorizable with sodium hypochlorite could be decolorized with 
hydrogen peroxide.

As these tests indicated that the use of sodium hypochlorite should 
be further investigated, 28 samples of crude wax were treated with 
this material and then tested for physical and chemical properties. 
The method consisted essentially in melting 100 gm. of crude beeswax 
in contact with four times its volume of hot distilled water. Solid 
sodium chloride was added to make a 6-pel'cent aqueous solution, 
the mixture was vigorollsly agitated at 70°_75° C., and just enollgh 
6 M sodium hydroxide "'as added to emulsify aU the -wax.' Com
mercitLI soclillni hypochlorite solution was then' poured in slowly, with 
stirring, lUltil the emulsion became white. 

The bleached emulsion, while still being stilTed, was cooled to sep
arate the wax as a. white wax paste from the aqueous solution, which 
·was later decanted. The white pasty wax was remelted in direct contact 
with a 6-percent solution of sodium chloride, stirred for 10 to 15 min
utes, and subsequently cooled and decanted. The mass was finally 
washed with hot distilled water and then placed oyer a dilute (0.05 M) 
lrrdrochloric acid =,olution at 75°-80° C. until the emulsion was broken. 
'rihe white prepared mlX was melted and washed three times with hot 
distilled water., cooled, and then sampled for analyses and tests. 

COMPARIROX OF PROPERTIES OF CRUDE A~~D REFINED WAXES 

Tht' ana-h-tical data on the waxes. both before and aftN' the various 
decolorizatlon tl'eatment~, are assenlbled in table 9 to permit compari
son of indiyidual sampleR. To permit comparison of the properties 
of crude wax with tho::;e of pure beeswax (scale wax and ,nlX from 
sugar-fed bees). the maximum tLud minimum values for crude waxes 
have been placed with those of the other two types in table 10. The 
maximum aud minimum data for sun-bleached. Filtrol-treated. and 
chemically refilled \\"axe~ are also included in this table to sho,\' the 
effects of 'decolorizing mf'thod:> on the wax properties . • 
TABLE 9.-1'1lJjlli(,(ll (l1l(1 I'ltf'lItil'(ll J!ro/J(Ttif!,~ of Uo SUIIIJ!/('ij Of crlldl' /,cC8!C(/J', and 

of the SIWII' ,~(l/lIJllc8 after tlccolorL:illfj trC(!tlllCllts 

-----:---r-~----I- Ine.frac-! Ils!'pon-!. --1-'---:----,-.~-
• 1 .Meltiug ISolidirv- pen- I .tlVC , lflca· ,ACid Ester I Est.cr- f Iodme 

Sample :So.', point ing point sltyat I mdex I Ash lIou I nUnl- num-, aCid l number 
, l 20" C. at 80° I num- i ber I ber i ratio ~ (Uanus) 

____I 1__I~__[~I__I__:__i__ 

! j i Grams, IPtr- if· ; ,:1' , 

, 0 C. ! C C. ! -pa CC, I: , cent , 
L ____________ 'I tJ.L3:::0,~ I 1i3.1±0.3! 0.001 l.HO~ I O.0!71 06.1 lS.~ i ii.i i 4.!!2, lO.J 

i~:~=~======== :ti:~±:~; ~~:6~ :; I --:P52; U~if; '8;10 I ~~J: i~:o! ~~:1! ~: i~ :---- 9. i*_____________ .uno I 1.~4~ 1 92.1' i4.9 j 10.0~.2±}, ~.2:;= .;{. .O!i I 17.2· 4.3;; 

~t~==:=====j ~g~ ::1 ; ~3:~~ j I:_:':':I i::i~~;J :g~~; ~~:~' Ig:2[ ~.\:i t ~'~~ ~ n 
Se\! footnotes at end of table . 

•41 

; With a hi~hly propolized wax the initial emulRion was an intpnse ,·pHow. Such 
'an emulsion was ('ooled while being stirred to separate the wax as Il wax pnst!· frOm tlw 
yellow aqueous sol.ulion, Thle' solution Wll~ decautpd and th.. wux paste wuslwd with 
water, thus rcmonn:.; most of the color ,,'fore treatment with sodium h\"po~:lIorite.
In .order to .bleach this paste further it wus necessltry to liquefy it o,'''r :'1 tJ-[)('r("'llt
sodium chloflde solutioll at 70"-7,,0 C, The ,-olullle of the sodiulIl chloride was the 
same .as that originally used in melting the crude \\'I1X. 
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TABLE fJ.-Physical and chemical properties oj 6U 8amples of ('rude be(·.~ICIl.l'. (l1/d: 

of tile Sall/(1 8/11/l.j)/es (I{ter (/(·c%";zing fr('atlll('lIt,~-Col1tilltlcd 

1
-I'~--'I-- lRcf~~on. ---:--I --1
. i' Den· I live it1CB. Acid Ester Ester./ fodineSample No. Mcl.tmg I .Sol di(~. sitl'at index Ash tion mun. IIUIll· 8cid number 

POint r 109 pomt 120. C. , at 80· ntllll· ber I bcr mtio (Hun us) 
C. ber , ,r---------' --------------1---1--·-__ 

I I Grams Per. I 

o c. 0 C. . per ce. cent I 


:It! ..... , 62.8± .6 61. 5± .5 I 0.050 1.4412 0.054 OJ. Q 16.5/' .0.,. .1.1l.1' 

2<1.. •.....: 63.8±.0 6~.8±.6 1 .O~7 1.440~ .oao 02.2 11:.2 75.0 I 4.3? I 
 8.1 
25..........j 64.0::1;.2 6_.9±.2· .Obl 1.4-111 ('l 88.3 1,.2 71.11 ,1.13. 0.7 

O. ·1 
10.8·~a·~::.: .. :::~; ~:o~~:~ ~~:i~:~ .~~ .~~~~~:...~~~__. O'I~~_ ...~~~~_ ••_:~~:...~:~l ! 

as............\ <N. _ .. 1l3.0±.3 .96.1 1.4-112 .010 06.1 18.2 no 4. 1
28 8.83F-15,,? .. r..J.'-',; •• <; 03.8±.4 .9.10 1.4404 .005 88.8 17.1 71.7 4.10 
3F-50';" ..• 1 64.3± ••• fl:l.4± .6 .957 1.4-102 ('l 89.:l 15.7 73.11 " .1. 60 
 0.8 

40, ............ ,. 63.8±.3 62.6±.3 .066 1.4:19~ .02:1 04.2 18.4 75.S .1.12 
 Q. I 

411 ........... C.1.6±.:I: 62.4±.4 1.4398 .OUO 91.7 18.3 73.4 4.01 


I. 

7.5· 
4b ........... i 63.0±.2 , 61.8±.3 .039 1.4300 .068 1l2. I 20.5 71.6 [ :l.49 11. f 
45.•••.... ,r,1.i±.5;62.8±'·!I' .0631.'1-110 ('l 04.0 17.8 it. I I .U3, 8.~ 


5............1 1l3. S:!: .2 • 62.5± .5 .057 I ..... 02 .02:1 0·1.5 17.6 7H.0 I '. 37 
 7. ~ 
0.3 

55... ........ 63.9±. 3 63.0±. 3 .0fH 1. 440S .008 96 :l 17.4 78.0 4.5:1 
58............1 64.0± .3 162.S± .3 1.4396 .050 94.1 19.3 74.8 3.8. 


8.4 
6···...... ·· ..1 64.4±.462 8±.3 .950 1.4396 .(~)2:: 01.6 17.8 73.8 4.15' S.9 
65........... ,63.4±.3/02.5±.3 .oro 1.4·112 ol.l 17.5 76.6 4.3S 13.6 

7............. , 64.6±.4 63.5:!:.4 .9M 1.4398 .020 02.2 17.0 701.:1 4.15'j 
 10. i 

7a.........__ ., fH.5± .;1 6.1.6±.2 1.4392 .112 90.4 17.8 I 72.6 ,1.0, . 
 0.3 

8. !} 


R •• ........ ; 05.0±. 4 ~ C:UJ:±: .·1 .05:1 1.4:1Or, .017 92. J 17•. 0 76. I I 4,.12 

75. """'''' 6-1.2±.4 63.3±.3 .061 I.H05 (') 01.5 17.0 73.6 4.11 

8.3 
iis.. . ...... j 6-1.1±. 3! 6:l2±.3 .DIlI l.4·If)(i (2) Oil.1l 17.1 / 7'J.B 4.:12, $.4 
9 ........I GU±. ·1 63.4±.4 .05-1 1.4·100 .017 01.6 17.r. 7,1.0, ,1.20, ~. I 

!It~ .•. .. . ; li3. 01:- 3 il2.9±. :1 l.4:J9~. 007 O~. :I ~,,:!. 3 Z:. 0 f :I ii.'o 7.0 


~.,lis•• ''''''', C..I..!_. 'I 6;1.;±...1 .962 1.·1-10.1 .(o'~o 9.!.(1 I~.:!!1 ~n.~ I 4.:11 U10 ..... • C,I.il:±:. 4 fhl.~"".4 .951 1.-1·I()(J _ 89.3 1,./ [ d.b 4.0:" 
lOa ••• ;03.7",.:162.7:%:.2 .Olll 1.4:W2 .I~;:I 9·1.3 W.4! 74.0\ 3.Bft .10.5' 
10$ ~~ -····1 rt4.0~. 3 WJ.O:!::.2 .0;')9 L-'·109 (2) n·1.' 17.0 76,1; ~ 4,!.~)' ~.·I 

KIl 

II •. .. i f..J.Il±.;i 1i2. ~± fi .061 I. ·1410 .005 !la.7, I~. 0, 7';. I .1. 04 10.9 
1l<;.~.~_ ...... f 6-1.6;:£:. fi n:t2±.6 • ill.': 1.·1<110 (2) Dti.a; lH 0 i 77.3' .1 ~~) S. ,j 

II F-5~ ...• : 64.I±. 5 f~1. 2± .·1 .000 1.4·109 ('I 91 ..5 IS 3. 7a.:! i 4.00 

JOF-IO<'"c. n,I.!!±. t>!.b.• 5 .9or. 1. ....01.005 no. 7 1•. 2j nO! '1.27, 


7 ~ 

12... t flU±. 2 112.0±.3 .96:! I.HOO .017 01.,1 17..1, 7 •. It ' 1..1:1 H.I 
10,512:1. . i r,;1. fi±. 3 62.4±.3.... 1..t392. 0110 0:1.0 W. i.: 7:1..;: :1.77. 
95
I?,........... i rhl.7±. 3 li-1.0±.~ .iiiio· 1.4-Ill ('l I ~·I.O 17.2 i 71th' 4-1. 


12F-5%... flU±. Ii fi3.3±.5 .llliO 1. 44()'1 .0115 1)5.2 HU't ,S'I' ,1.6. 11.4 
12~·-15"" ... fi3.!l±.5r,2.0±.5 .0501.4-110 .fI05 03.0. I~.II 7·I.D '1.11 'i. ·1 

9.212F -/;0<"0 .. r,;1. Ii± ft 62.9:!:.;; . 05.~ I. ·1~02 (2) 8(1.3 I' I.,.·j, 71.0 ,.' .I.IH' 9. I 
13 • f~1.0±.3 fl2.5±.3 .050 I. 43118 .oao I 112.2 17.71 .,1., .1. 21 ' 
 I!tti14.. '1 fH.2± .2 1i:!.3±.:1 • Iloa 1.4:190 .02:1 On.O t If>. 0 77.0 I -I 2.., ...I-In ..... III.O± .:. 6.1.2±.a ". 1.4:189 .Oi7 02.:1 t 17.2 .,; I: -I.a. 
w;. ·fH.!± 4 1~l.2±.I· .Oill 1.01402 ('I I 112.0 1•..1, 75.5, ,1.31 7,~ 

'j,!!,15 .. ·.... ·i6-I.'t .:1 11:!'5± ..1 .91H 1.·1396 .02:11 O:I.S I~r,· 7,;2 .1.01 
9.7
15,. ......... jIH.4±.:1 H.1·!±.2 1.4300 .010 01.7 w.o' 72" as.! 


15,. ., .... IJ.I.~±.-I f,1.2± .,1 ·.OOl l.4-llJ I ('I IlI.G 1~.5 .1;.1 -I.ll s.n 

16... ! r>l.l:!: .2 1l-1. O± .3 .Olll 1.'131l0 .. 0OO2,~, 1I 0:1.0 iii ~ 77.1 ,I 59 ~."


10.5Itla........ •. r,:1.~±.3 . 6.1.0±.2 .0.1:1 ....... , !la.1I 

W... ...... t>l. H± . I fJ2. fl± .·1 059 1. 014 10 ('I: 93. H III .1 77.. 1 
 I ;2 , 9.5016F-JO'"O .... fll.:I± Ii. 0.1:l± .1\ .or.<; 11.441)8 .fJ05 '. 95.5 ItU 7!l:! I. ,!) .
16F-[,t)'" .... I):I.O:!: .;; I In.2± . r, .Oiill 1. -1-101 ('I PO. 2 H • 71i S fl.3 

~ 1·1 ' u. :!17.......... __ . 1l4.4±.3 I 0'1.1±.2 .U50 1.·1·1fJ() .01, j 02.7 II:,'.'~ 71;;, 
 ·I.Oll. 12..').17~ ........... 6:1.5± .3 . H2.'±.3 .950 1.4-112 .007 I 01.4 ~ 7:1 r, . 
 4.13 j 10, I 
I~ ......... i fl-14± • 3 I;:j 3,., • 2 • UO" U:\AA I .()20 I !Ia. S IS. :I ••; 5 . 
 ·l.ltl ' ':\ 0 

HI ......... flIO±.3! 63.2±.3 .9r..5 1.4:108 .037 j lIL" i I" fi .2.9 " !;l 704

18~.......... \ 1.1.5± • r. 1 r.:l. T± .5 '04R I. 4'1021 .001, OJ. Ii . I'!I 75.7 : 


3.01 11.5 
~~~... ~;l ~:L ~ i ~~~ri; j .!Jr.:.? l: tlW I '/!t7 gg:~:: Tli ~ ~;~: I: i 
 a 50 u. :? 
;j U,

20 '"'' .' r,l.4± .6111~1.l±.7 .05911.44oo! f') I HI1.7 I•• ' 72,0' 4,(ld . 10. I
21 • .....1 63.S±.3 fl2.r.± .2 , .Uf.o l.-I:l!I7! .020 lit.:!: IU I '1i.2 3 III f07
2fn .......1 112,7±.:I I fiI.'±.4 1.4:W' . ORO 11:1.0. ~'O~ 722 
 :1. ·17 10.22Js. _. *_4_1 113. S± ." n2.7--::. lj 1 • fH}2 1. -4 t • (r:jl 1 Of}. ~ tv a ;11 9 
 a!)" . 'i. 5
2IF_H;~c ....ffi;l6.±'4Iti2"'±'51·0;'~II.·lhlJj ! ~r.1 1,~ ~~t! ~ ,,1
2'! .....1 11-1.0±.3 fl2.6±.a .0113 1.4:1!/5 .017 05.fl' ... 0,.1; 11-1

2t! .. ·....1 fi-! O:c. .2 !112, S± .:i .DUO I '1:1'17" " ofl·,.:~ i or,. n IS :t 711.• ·1.1\12:!n. .. .., nt!. S:±: .:1 fl2, b± .2 II. ·13un • .._ Oa. fl ].'. ~ 7t:! 
 ;1 fl.2:'~ ... : n:l.H± 0·1 j flZ.9±.5 .f.lt~ 1.4-IL2: (1. n:tli' 17!.J 75 i 


I !:l21 f,J.O±.3 i U2.~::;:.2 i ,om I 1.-1·\0·1: .(J20 I' !H.fl 1'1:! •• ; I 
 :!!J:I2~0 " 1i:!.8± . a 112.6±,:1. .II'I~. 1,' I. 4aor.' 0,;11 IH. n· III. • ,fl. 2 
 a. "2'25 : (j:l.~± ~:~ 1 f3a.O:±-.3 ~ \ 1.;'410' .027 O:J.;~ HJ () ';I.:{ a III
250 . fl.1. S± . 3 i 63, o± . 2 ' I 1. 4:10.> • 110' 0:1. Ii W :1 71 3 
 3 ~5 
·1.lH 
~. 01

;~s... ~t~;:~ 1~~:1;:~ :~Hl~ ::::1M :~! l:~:~ l~ ~ fn 
2. a·I.I±:.4 J fla.I±.:I .955 1.-1400 .020 118.0 20.2 77. Ii 3 S:,}2ift f;'~. 7± .3 ti:!.7± . .2 1. -tao!! ~ 007 fH. 9 21 t, 7:1 :l 3 3~


SrI' footnotes Ilt end of lnblp. 
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T.A1!LE 9.-Pkyltical and chem·ical propert-ies of 60 samples of crude bec8lvaaJ, and 
of the lIU11lC samp~es after dec%rizing trea.tlllcnis-Contiuued 

SBpon·Refrac-
Melting ISolidify· sfen· I tlve lftcn· Acid Ester Ester· IIodine 

Sample No. ty Bt indll% Ash Uon num- num- Bcid numberpoint ing point 20• O. at 80· num- ber ber ratio (Hanus 
O. ber 

Gralll8 Per·-I 

o C. • C. Per cc. elnt 


27s........... 64. O± .2 63. O± .3 0.964 1.44151 0.001 97.6 19.9 77.7 3.90 8. 8 

28•••.•••••_.. 64.5±. 3 62. 5± .3 .• 961 1.4403 .020 94.4 18.6 75.8 4.08 9. 4 

288•••••_..... 64. O± .2 53.4±. 2 1.440\ .040 93.2 -------- 8. ~--- -- ··-75~.j· '-'4:26'285........... 65.2±. 3 53.9±. 2 .962 1.4411 .008 93.1 17.7 8. 8 

!!9••_......... 64. O± .3 6.1. O± .2 .P63 1. 4405 .020 94.2 IS. 6 75.6 4.06 9. 6 

30•.••_....... 53.6±. 3 62. 7± .3 .959 1.4394 .023 96.5 19.9 76.6 3.85 6. 8 

3Da•••••••_... 62.8±. 3 61.4±. 3 -- --- .048 97.5 

31ls.•...••••_. 53.8±. 4 62. Il± .4 •.965 1.4410 <') OB.4 "'iii:ii' "'7R:5' 3.94 "-"'5:4 

31..._........ 53.8±. 2 62.5±. 5 .962 1.4397 .022 95.0 19.3 75. i 3.92 6. 8 

31s•.••.•••_.. 53.4±. 4 61. 8± .4 .962 1.4402 .002 P6.7 lS.9 77.8 4.12 7. 3 

32... ..••••.•• 53.5±. 3 62.2±. 3 .970 1.4400 .022 95.5 18.S 76.7 4.08 8. 8 

325.... .••••• G4. O± .3 62.9±. 5 .961 1. 4408 <') 95.1 lS.8 76.3 4.06 .9. 2 

33••__••••.••• 64.2±. 2 53. O± . 5 .964 1.4410 .017 96.8 19.6 77.2 3.94 10. 6 

33a•..•••••_•• 64.0± .3 I 53.0± .3 96.2 21.0 75.2 3.58 9 . 5 


...- ----

••••. 1. 4400 I . 060 

335.._._...... 64.3±. 3 63. ·1± .3 .963 1.4-!!1 e'l 90.0 19.1 79.9 4.18 10. 3 

34............ 53.4±. 3 62.0±. 5 .060 1.4400 .020 95.0 20.0 75.0 3.75 12. 7 

J4c •••._•..•••• 63.1l±.4 62.2±.4 .956 1.4414 .054 102.0 18.3 83.2 4.54 9. 2 

34d.••_...•••_ 53. 7 ± • 5 62. 2± . 4 . .948 I 1.4408 • .029 96.0 H.9 78.1 4.36 11. 8 

349........... 53.8±. 4 62. O± .4 j .961 1.4419 I .005 95.1 19.5 75.6 3.88 10. 7 

34F-50% ••.• 53.7±.7 62.3±.5! •954 1. 4404 , <'l 87.7 17.2 70.5 4.10 11. 7 

35..•_........ 53.5±. 2 62. 5± .31 .961 11. 4404 ! .020 93.2 19.5 73.7 3.78 11. 4 

355.•..._..... 53.8±. 4 62.8±. 4 .962 1.4412 .002 96.9 20.3 76.6 3. IT 8. 6 

35F-15%.__• 53.4±.6 62.5±. 7 • .959 1.4406 .007 91.0 18.3 72.7 3.117 10. 4 

36.••.••••_... 53. 5± .5 62. 3± . 5 , .959 1.4409 e'l 92.8 18.8 74.0 3.93 11. 3 

37.•••••••••.. 64.0±.4 63.0±.4; .947 1.4400 .ot7 93.3 18.8 74. 5 3.96 9. 8 

37B........... 64. O± .3 62. II::!: .3 L. .---. 1.4392 .065 91.7 20.6 71.1 3.45 9. 9 

3Th••.••_...... 53.8±. 3 I 62. B± .3 .961 1.4400 .053 92.1 18.2 73.9 4.06 ------ -
375.••••••_•.• 53.9±.4 I 53.0± .31 .961 11. 4410 <'l 93.4 17.7 75.7 4.28 9. 3 

M•.•••••••.•• 64.4±. 3 53. 1± .3 .96b 1.4400 .020 92.0 17.9 74.1 4.14 9. 6 

385.•••••__..• 64.4±. 6 53. Il± .6 I .001 1.4410 I e'l 93.2 17.4 75.8 4.36 8. 2 

39•••••_._... 53.4±. 2 61. II::!: .3 .961 . 1.4406 .037 96.2, 20.2 76.0 3.76 10. 5 

3ge••••••••••• 53.2±.4 fi2.2±.4: .961 11.4418 . 125 93.6 ' lS.2 SO.4 4.41 7 • 3 

39d........... 53.7±. 5 62. 5± .5 : .959. 1.4410 I .049 97.3 , 19.1 78.2 4.09 9. 5 

305 ••.••._.•_. 53.7±.3 162.1l±.4 i .962! 1.4419 .016 j 101.0 I 20.2 SO. 8 4.00 8. 7 

39F-15%_•.• 63.Il±.f! 62.2:1: 6 i •959 ; 1.4410 . 014 1 so. 0 19.0 70.0 . 3.68 9. 6 


.39F-50% ••_. 53.5:1:.5 62.7:1:.5 i 17.3 73.0 4.22 9. 1 

40•••_._..•••• 64.0:1:.2 62.B±.3 :~ I U!gg! <'l . 95.4 19.6 I 75.8 3.87 10.
.017 90.31 2 

409•••_••_.__. 64.3:1:.3 53.4±.4 .96211. 4419 ' <') 95.9 19.1 76.8 4.02 8. 9 

41.••.._•••••. 64.4±. 5 62.9±. 5 i . 975 . 1.4408 .023 94.4 18.3 76.1 4.16 10 • 6 

42••._ •••••_. 64.3±. 2153. O± .3 I .962 1.4405 .017 9.1.2 I 18.2 75.0 4.12 10. o 

425•.....•_ •. 64.4:1:.4. 53.1l±.4, .961 1.4411 <') 93.2 17.S 75.4 4.24 8. 9 

42F-15%_•.. 65.0±.4 64.0±.6 i .960 1.4404 .005 92.7 17.1 75.6 4.42 8. 4 

43•.•••.•••••• 62.B±.3 6O.8± .3,' .OB7 1.4527 .023 149.0 35.8 113.0 3.16 15. 3 

439._......••• 64.0±.3 61. 7±.3 .987 1.4532 (I) 130.0 34.7 95.3 2. 75 13. 6 

43F-2O% •.•. 61.8±.6 60.2:1:.6 .980 1.4450 .015 130.0 30.9 90.1 3.21 13. o 

44••••••••••__ 62. B± .3 6O.7:1:.3! .982 1.4500 I .017 137.0 31.3 106.0 3.39 14.1 

44c._•.._.•_•• 53.3±. 5 62.]:1:.5 .963 103.0 87.1 5.58 4. 6
1.4420 I .035 

15.6144<1._.•.•_... 53.3±. 5 62.3±. 5 i .967 1.4440 .005 90.8 22.6 77.2 3.41 11. 2 

449........... 53.3:1:.3 62. O± .31 .983 1.4502 (I) 123.0 30.3 92.1 3.04 13. 2 

45 .••••••••••. 62. O± .4 61. O± .4 .Di5 4508 .027 145.0 34.S 110.0 3.17 16. 4 

45F-20 %.... 62.9±. 5 61.7±. 51 .979 1.1.4500 1 .005 121.0 00.5
30.5 i 2.97 12. 4 

46•••.••••_••• 64. 0±.4 62.5±. 4 .956 1.4402 .023 96.9 19.61 77.3 3.94 10. 3 

468•••_•••_... 113.7:1:.3 62.5±. 4 .965 1.4414 .007 98.3 20.6 I i7.7 3.77 9. 1 

47............ 63.7±. 3 62. O± .2 .964 1.4405 . 023 99.3 78.9 3.87 11•1 

47s•••_••••••• 53.B±.4 53.0±.4 .964 101.0 21.1 79.9 3.79 9. 6
20.41

1.4420 I .008 
48............ 64.1±. 3 53. O± .3 .002 1.4392 .0!lO 94.4 19.0 75.4 3.117 8. 9 

48a._••_•••••• 64. O± .3 53. O± .3 1.4389 .02'; 93.6 20.8. .~. 3.50 8. 4 


-~-.+ ~'} 81 

4gb._......... 64.2:1:.3 53.3±. 3 1. 4390 I .067 93.0 17.7 j 75.3 4.25 8. 2 

488._••••••.•• 64.0::.5 53.1±.4 jiii' 1.4409, (ll 94.4 18.5 75.9 4.10 S. 2 


.962 1. 4418 1 .023 11l9.0 24.8 ; 84.. 1 3.39 14. 8
~k::~::::::: ~:g;:~ ~:~ j I . 1.4397 , .042 94.3 19.7 ! 74.6 3.79 10. 2 

495.•••____... 53.8:1:.2 62.7±.3 •968 . 1. 4450 (Jl 106.0 21.4 81.6 3.34 13. 1 

50 ..•••_•.•... 53.6:!. H 62.5±. 5 .961 1.4408 (J) 1/3.0 17.9 I 75.1 4.19 8. 3 

51 •••••.•••••. 53.1:<:.5 62.1:1:.S .958 I.MI4 <'l 93.8 19.71 N ..1 3.76 13. 3 

51s~ __________ n3.7±. 5 62.7±. 5 .962 1.4419 .001 9a.3 19.9 73.4 3.69 12.1 

52.••_._._.•.• 53.3±.1i 62.4±.4 .961 1.4426 (I) 90.7 J9.6 71.1 a 6'2 13. 9 

53 ".'••_".' 64.0±. 5 62. O± .5 .962 1.4398 .020 94.3 19.2 75.] 3.91 8. 6 

535. •••.••.•.• 64.1:1:.3 63. O± .4 .9ri2 1.4407 .003 114.4 18.8 75.6 4.02 8. 1 

r,.L ...._...•. 64.0±.3 53.0±.3 .956 1.4400 .023 93.2 18.6 74.6 4.01 9. 4 

54a.... .•• •.• 6.1.5±. 3 62. Il± .3 ....... _- 1. 4396 .052 94.2 21.3 72.9 3.42 8. 6 

54b .•••• _•••.. 53.4:1:.3 62.5±.3 .. ~ ~ .... 1.4398 .047 96.2 18.8 7i.4 4.12 8. 5 


.961 1.4411 j (ll 93.6 17.5 76.1 4.3.') 8. 3
545........... 64.2:1:.4 63.4± .4 I ! 

55.•.•._•••••• 53.1l±.3 62.7±.2 .963 1.4389 .017 95.6 20.2 15.4 8.3 
56..•_......... 64.5± .3 63.2:1:.3: .960 1.4403 .020: 92.0 19.0 73.0 8.9 

St'e footnotes at end of table. 
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TABLE 9.-PhJlsical and chemic(ll. propertiel' of 60 ,mlltlll£'8 of ernc/o bee,s,ntil', (/1/([ 

of tllc 8C/'Il/e .saIllJl7c.~ aftel' IZccolo/,izillfJ trC(ltllle'llt.~-COlltillUl'<l 

I 

. . Den. R~l~~c'l Sir:l~~~' Acid Ester Ester- Iodine 
Sample No. Melting .Sohdl~y, sity at index Ash tion nwn· nwn· acid number 

point 109 pornt 200 C. at 800 num· ber be ratio (Hanus} 
C" ber 

--·---1·----/-----1---·---,--------------,-- 
• C • C. Gram. I IPer· I.:

• , per ce. cent I, 

56a__.. _. _____ I63.8±.4 62.6±.31' ________ 1.4400 0.065 96.3 21.5/ .4.8' :I.4R n.s, 
~--....-----i 6:!.0± .2 62. ~± .3 O. 9~~ 1. 4407 . ~~ 00.6 18.7 71. 9 I 3.84 I 7.9 
5/ _____.._____ 60.0±.4· 63.5±.4 .. 901 1.4406 .031 938 18.8 75.0 t 3.99 7.6 
571l..________.1 :l.1.7±.3 i 62.'±.3 L_______ 1.4300 .067 94.3 21.3 :.'3.. 0 . 3.43j 8.2 
57S___________ i 64.2±. 3 f 62.7± .31 .962 1. 4408 (2) 95.0 18.4 1 6 61 4.16 I 8.3 
58 ....._______ ' f..t.3±.5j 62.9±.5 .961 1.4402 (') 93.6 17.9 '{5.7i 8.0 
59------------1 64.3± .5 : 63. ~± .4 i .959 1. 4414 (2) 93.7 18.5 75.2 1 1:~1 10.4 
f>O ____________ 64.0±.3 i 62.8± .3, .961 1.4397 f .020 93.3 i 18.8 74.5 3.96 8.4 
f>Oa----------- i. 6:!.3±.3. 1l?3±.3 ,- ..,,;--, 1.4400 I .O~ 95.5 19.8.1 75.7 I 3.82. 7.3 
6Os ___________ : 65.0±.3 ',63.8±.4; .909/1.4401 .OOa 91.1 18.0, 72.5 1. 3.00 1 7.8 

, I , 

, The sample number standing alone indicat.es the original crude sample; tbe letters lollowing the sam
ple nwnbers ha\'e the (ollowing significance: a, Chemically refined, batch 1; h, chemically refined, hatch 
2; c, cbemically refined. batch 3; d, pllrt~r chemically refined, hatch 3; s, sun·bleacbed; F, Filtrol 
treated. Tbe percentages indicate the percentage by weight o(Filtrol used in the \\'ax. 

2 Trace. 

The maximum and nmUJ11um nuues of the crude waxes (table 10) 
show a yery sharp difference from the values of the scale wax. espe
cially the ehemieal yalues. Probably, therefore. the kind and amount 
of the solllule impurities in the wax produce a great efred on its 
properties. 

TABLE 10.-l'hJl.~i(,1I1 allc/ ('hCllli('(/l fl/'ofJ('rtiC'.~ Of .scale lfa.r alld '1('/lJ'C.~ froll! 
slIgar·ted bC'cs. a//(/ l/I(1xilll/ll/l. allc/ lIIinilll/llll 'palllCH (fro 1/1, table 9) tor crllclI'. 
,mll-bZcm·hed. l/(/sorbC'llt-tl'('(ltC'(l. alld ('hellli('(t/fJl rcfilled Ilee,~/I'(/J'C'.~ 

'-4 

, . .He(Mle
~rclting i Solidi(y- D~miF' ti\'c in-Sample Ashpoint 'ing poin~ lIt 20 c1"x at 

! ' C. 800('. 

-_.----------,-------------------- ---
GramJf° c. c C. Percentpet' ce. 

Scale.•••...••.....••..•••••.•.•. ' 5"'-1. ......... If..t . .J±0.6 ,6.1..1±0.5 0.96:1 1. HO:? 
r"'-L ......165.0± .4 ;f..t.O± .4 .OW ' 1.4H' , 0'010 

Fromsugar·(ed bees. __ ......___ C":-~ ......._ . !64.2=!=.4 !6;1.2±.4 .9.;9 L·H!J.1 .010{ r"-.I .........64.8=::.4 ,03.0±.4 .OM 1.440:1 .015 
C I f~[inimum .. - ",." 62.0 ' f>O.• .947 1.4388 . (II 

·ru, e ....._. ____........__ ...__ ~[~x!mum __ ..._: f>?~ 63.~ : 
 .987 1.4527 .037 
Sun bleached (:\[lOunum..• ".. 03.3 01., .948 1.4401 ' (ll 

. ~·-~···-·---·------:r~rnximum_~._._.) 65.2 63.9 ' .957 1.45.32 .Olr, 

J"lltrol tr"ated :{~!.inimllm .. __ .. .i 61.S r,o.2 .95-1 1.4400 (I' 
, • c ----- •• ----------- ~[aximum ....... j 65.0 r.LO: .980 : 1.4500 .01[, 

ChemicaJl\'refined {~fin~mum .... -- .. , 62.7 61.4 .939 i 1.n~9 • Ifa 
• ---- ....-- .... ),[aXlmum""_"_ 64.ii r.1.6 • ,964 . l.H2Oi .125j 

i IodiD('
Wax S8mpl~ numh~'r 

I Sapo.nj-! Acid : Esu'r I Est."r
ticatlOn I number Dumrn'r' ael!!! number I : ! rall<) (fIanU5)

-.-----------------1,----------1___-
Scale_____________________ .......! SW-L i 84.41 no ' 67.-1 ' 3.00 5.S 

O. :; 
Fromsugar·(cd b~es .. _ .... __ 'Jf.~ti "_'''::''':=::I·l~:~ .! .. 0.2 

d(,\\~-3- ... ~ _.. _._ .. ~'.~._..,. 19.7 .: .... _~." ,> 7.0 
0.8CrudL________________________ Bl~~i~~~ ___ .. ~ l~g:~ I ~~:~ . liU ; i:~~ •

Jij..! 
Sun bleached .{~finimum. __ ._.. ilS.3 I 16.4 .t.l !!.'5 .';.4 

• ----------------- .. ; ~r8ximum .. __ .... ' 130.0 I 34.7 95.3 i 4. i2 13. Ii 
. :{:\rinimwn .... __ • . I ~.i.l I 14. 7 70 0 2.9. S.I 

F'ltrol.trcated----------------":lMIlximum..... __ .' l~«J.O l :lO.9 W: I' 5.1:1 13.11 
ChcmicaJlyrefined. {~finimUIll 90.4 i 15.R .1.1 3.4:1 -LH 

-. \lnximum .103. () 1 21. 5 87.1 5 .. ;6 111 
I 

I Trot..,. 

• 


http:aXlmum""_"_64.ii
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When the average values (not giv~m in table) of each of the proper
ties of t1le crude samples are compared with the corr'Bsponc1ing values 
cf the sun-bleached samples, only insignificant differences appear ex
cept for the percentage of 3,sh, "which is much lower for the SUll

bleached wax. Many of the values for individual samples, however 
(table 9), show marked differences, particularly in the chemical prop
erties, after the bleaching. The saponification number showed no 
change in 2 samples, increased in 25 samples, and decreased in 19 
samples. The acid number showed no change for 5 waxes, increased 
for 9, the decreased for 32. The ester number increased for 29 of the 
waxes and decreased for the remaining 17 samples. The iodine num
ber increased for 5 and decreased for the remaining 41. 

Figure 1 gives a numerical distribution of 60 samples of crude wax 
over the range of minimum-maximum values of some of their physical 
and chemical properties. Figure 2 gives a similar distribution for 46 
samples of slm-bleached wax. The modes, or the values that occur 
most often, should indicate the appro}..imate values to be expected in 
1111 average sample of crude 01' sun-bleached wax. 

The method of stm-bleaching uee!:iwax "·a1'l'ants commercial develop
ment. Many of the treated 'waxes lun-e qualities, such as low ash COll

tent and nearly white color, tl1at make them particularly desirable for 
candle manufacture. Where natural hot water and brilliant desert 
sunshine occur, a simple treating plant could be erected and operated 
at a low cost. High elevations are preferable because more sunlig11t 
comes through a rare atmosphe.re. Western crude beeswax could bl:' 
collected and bleached into a fairly uniform product before it is 
moved to the large consuming markets in Illinois and New York. 

Upon decolorization with Filtrol, significant changes occurred in 
the chemical but not in the phYFical properties. "Tith hut few excep
tions there was a decrease in ash content, saponification Humber. acid 
mm1ber, and iodine number. The variation in ester number is not 
significant, being dependent upon the magnitude of the changes in acid 
number and saponification l1Umber. 

After treatment with chemicals, the increase ill ash content wag 
especiany great. In most cases the ash was tested for chlorides; the 
chloride content, however, did not account for the total weigl1t of ash. 
The iodine number was usually lower than that of the cnlde wax, but 
the values for saponification l1l1mber. acid number, and ester number 
were about equany higher and lower. 

For a few waxes (Nos. 2, 4, 37, 48, and 54) two batches of each, 
designated in table 9 as (a) and (b), were chemically treated. The 
analyses showed appreciable differences between batches of the same 
wax. 

The color of the treated wax was generally a good white, but for It 

few samples it was light cream. ' 
Foul' samples (Nos. 34, 39, 42. and 44) were tested to determine 

which properties showed the greatest change after the refining. Each 
sample was boiled for 20 minutes with fonr times its volume of 10
percent oxalic acid and then chemically refined as follows: After 
treatment with the sodium chloride and soclium hydroxide. one-half 
of each sample (d in table 9) waS removed and sufficient dilute (6 M) 
hydrochloric acid was added to break the emulsion; it was then 
washed twice with distilled water, tested, and ana lyzecl. Th~ other 

c 
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tI.,I~ I ,I ~"I ~w~I,m J" J,I3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 

'1 ~ ,JJI~u, I l:E NUr I I ,I
15.0 18.0 21.0 24.0 27.0 30.0 33.0 36.0

ACID NUMBER 
14 


12 


10 


8

,-.. 6a:
w
m
.::1;
:>
z 

en 1.454 1.457
w
...J
c.. 14 f 
::I;

<t 12 f en 


10 l 

8 I 

6 f 

4 r 

2 r-

• I• •1111. III. I
00 .93 0.94 0.95 0.96 0.97 0.98• •0.99 1.00 

W"I, T,n.GI,p:I::IJ.1.I I 
60.5 61.0 61.5 62.0 62.5 (63.0 63.5 64.0 

'i ~ I IS:"]:::l.1JI. I ] .. 
62.0 62.5 63.0 63.5 64.0 64.5 65.0 65.5MELTING POINT, (OC.) 

FIGURE I.-DIstribution of 60 samples of crude beeswax classified according tophysical and chemical properties. 
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FIGURE 2.-Distribution of 46 samples of Bu-bleacbed beeswax classified accordiug 

to physical and chemical properties. 
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half of each sample (c in table 9) was given the complete chemical 
treatment and three washes with distilled wtlter before being ana
lyzed. A comparison of these. valnes with those of the crude waxes 
shows that the saponification number, the ester number, the percent
age of ash. and the ester-acid mtio geuel'nlly increased, whereas tIll' 
acid number and the iodine number decreased. during the refining' 
process. 

Further investigations were romluded to determine where in the 
procedure the greatest blCrense ill ash occurred. Samples of three 
crude waxes were chemically treated, and parts of each batch were 
removed at various points in the process for ash determination. The 
percentage of ash increased rapidly through the sodium hypochlorite 
treatment. and then decreased rapidly as the 11lunber of washings 
'with water increased. 'Vashing the wax 'with 0.05 M Ilydrochloric 
acid proYed much more di'ediYe than washing 'with water alone. 

OBSERVATIONS ON WAX BLOOM 

On standing at room temperature, the surfaces of wax sllmples be
came coated with the wIlite deposit caned wax bloom or mold. This 
deposit was scraped off the surface of three samples and used for :l 
number of observations. rndel' t]le microscope the bloom appeared 
as flat. transparent, refracti'-e platl's. without uniform symnwtry. 
);feltillg-point determinations gaye 11 reproducible ndne at ;:ma c.. 
and the solidifying point was 37.5°. The samples of bloom wen' 1I0t 
entirely free from wax. but when melting o('curred the wax remainecl 
on the walls of the melting-point tube. 

Candles, of both crnde and rfiiJwd ,,·ax, ('o"er('(1 with bloom were 
immersed in I-molar solutions of hydl"O('hloric acid or sodium hy
droxide for 14 hours. with no ("-1dellce of solubility in eithE'r ease. 

The bloom from any sourcE' was very soluble 111 petrolellm ether 
((boiling point 30"-40° C.), benzene, carbon disulfide, xylene. and 
c~u·bon tetrachloride. but insoluble in 95-pereent ethyl alcohol and ill 
water. It '''as e()mpletely eombllstible, Jellyillg no ash. and is therf'
fore a mixture of organic compounds. 

Possibly the production of '"ax bloom may be attributable to molec
ular rearrangements that occnr' under optimum temperature condi
tions, causing changes ~ il yol ume of the wax and extrusion of sOl1le 
of its low-melting and plastic components. 

SPECTROGRAPHIC OBSERVATIONS ON COLOR IN BEESWAX AND 
POLLENS 

Since the physical and c1wmicai properties determined for the ('rude 
waxeS did not indicate the kind or quantity of the impurities. they do 
not constitute a satisfactory basis for classifying crude wax('!:'. ..1 suit 
able basis cOlllc11e established, howeye1', by determining certain prop
erties of the wax-soluble impurities. Preliminary studies of the 
soluble colored substance in some of the crude waxes were therefor!' 
lUldertakell. It was fOlUld that certain of the colored impurities coulcl 
best be extracted by leaching the wax shavings at room temperature 

S w(,o(:. P.ICI•• and \".\sx,IQns. X. (H:IE!'.T.HIO!' DES ~IOI.I;('n.r.s OF. I.A ('111& O'.IIIEII.I.r. 
ET ItEI'EIH"("SiHO!'S grit LA sor.lmT£: DES itA YO!,!;. ('ompt. H('nd. Acad. SeL [Paris] 2fl:!: 
if.l-iS. 19:;(;. [Abstract in B('c World 1.~: lli-11S. l!l:!i.J 
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with ethyl acetate. The colored substances were removed almost com
pletely, and when the extracting solution was chilled most of the dis
l:iolyed \nlx precipitatl.'cl out, leaving the colored substances in solu~jon . 
•\.bsorptioll-spectra measurements ,verI.' then llutdl.' on these solutIOns. 

Since 110 datn lun'e been reported in the litel'utl\l'e on the absorption 
spectra of the colorl.'d substances present in crude wnx when dissolved 
ill ethyl al'etate. and since, furthermore, the position of absorption 
ba1lCls 'is dependent UpOJl the soh'ent used for the solution, it was 11e('es
sary to make a thorough study of the spectra of solutions in this 
!:'O lyl.' lit. 

TIll' ('0101' extracts werl' examined ill two spectrographs, (1) a qll:ll'tz
prism slw('trograph having a dispersion of about 50 A. per millimeter 
ill the ,'isillle region, and (~) a grating spectrograph employing a con
e~\\'e diffraetion grating of 1 Ill. foeal length and having a dispersion 
of abollt li A. per millimeter in the visible range. The absorption 
eell::; used in all llIl'llSUrelllents were of quartz and were 1 em. thick. 
'rill' light "0111'('1.' \\'as a til lIgstl'll-filanll'llt lamp l'Jlelosecl in glass; 
t ht'I'pfor\' thl.' Spel'tl'lllll eoultl Hot he J1lI.'!!KUl·t'(l below g,:200 A. be('ause 
of ah~orption by the glass. 

In an att(>JIIpt to deterllline optinmlll conditions. se\'l'ral photographs 
"'erp taken of tllP spectra of solut iOIl~ prepared from thret' crude waxes 
(N()~. IG. :W. and 4a) at difl'erent l'XpOSUl'l' periods and l'oncentratlolls 
of {'olor (>xtraets, To insure ulliformity. II standard proeedure was 
('lllploYNl in den'loping tIl(' films. Tillie did lIot permit purification 
of tIll' ('olore<i sllb~taneef' E'xtra(-ted. The l'eslIlts of th!'sc preliminary 
I'xpel'iments showed, for all the extracts, that 110 absorption bands were 
appan'llt on the plntes ill the regioll studied. although all the spE'etro
I,!'l'apll::.; !:'hO\wd fairly ::.;harp ('ut-oil's whosl' position, as might be 
('Xpl'l'lell. depended oil ('ollcpntration and ll'llgth of exposurt'. 

Hinee pollens han' pro,'ed to lw an important, KOUI'('(' of the Wl\X
:-;oluble yellow substaneps, it spelllPd lik!'l)' that .SOllll' ('o\'l·(·lal ion Illight 
be fuund bl't\\'pen the absorption sppetra of extraets of ('('rlain l'1'll(](> 
waxes and tho;,\.' of e('rtaln pollens, At the time thl'se l'xperilllents 
On wax l'olors wpre in progress only squash pollen was anlilabll'. Ex
tl'~\('(S of this pollen in ethyl HtPtare and eal'OOl\ disulfide Wt're 1)1'('
pa rt'd. :t 11(\ thell' absorption !;pl'eira d(,tel'llIil1l'd. The nbsorpt ion 
bands in ;;olutiom; of ('arbon disulfidt> did not l'oilleidl' with tllo!'e in 
{'thvl :teptatl'. alld tIl(' bands for tIll' ethyl acetate extraet wen> !;(IIll(>
wh~lt shal'IX'I'. Th(, extl'aet in {>thyl aee-tate showed fi"e well-defined 
a b",ot'ption n'gions, oeeulTillg at :3,710-:3,7HO; 3,900-4,000; 4.1:W-4,200: 
4,450-4.550: tllld 4,{i00-4,G90 A. 11'0111' of t hl.'se hands "'en' o\)st'IT('(1 
1U1(1(,1' I!l'pater dispersion. and thl' following zone!; \\'('1'1.' ({dined: 
3,9-!!l -!-,046; 4,194-4,306: 4,467-4,525: ilnd 4,622-4,78-l A. The ('arbolJ 
di"lllfide l'xtl'aet of the sallie dilution as the ethyl aeetalp sollltion 
SllO\\'Pt! ),:1 nds at 4,8-!-0-4,980: 4,600-4,()90; 4,320-4,400; and 4.HO
4.210 _\. 

Flll'thl'l' to ('lw('1\: the absolute position of tlll'se baneh-;. !;olutions of 
pure (B) earoteIll' in (':1rhOl\ dislllfide and in dhyl tU'etat(' were 1'1'('
pa red, a nrl t he band position of this sllbstancl' WllS dpt(>['1lI1IlP(1. The 
ab!;oJ'ptioll bands ill ('arbon disulfide eoincidec1 w('11 with tho!-'(' 1'1:'!.)01'11.'<I 

ill the litpmtun'. \\'hile thl' bands in the ethyllleetate soilltioll \\'PI',' <1is
plaeed fl'Olll their po;;itiolls in the (,lIrbon 'disulfidp :"ollltion and \\'PI'P 

sOlllewhat shal'pet'. 
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SUMMARY 

The physical and chemical properties have been determined 011 60 
samples 01 crude bees"wax, obta;ued for the most part from beekeepers 
in California and other "Western States, and these properties haY(' 
been compared with those of freshly secreted scale wax and also with 
the properties of many of the same crude waxes after they had been 
decolorlzed by various processes. 

For freshly secreted beeswax the properties are nearly constallL but 
with changes in the quantity Hnd kind of contaminating impurities 
SOlllP or all of these properties change. The pl1ysical and chemical 
])roperties of the impurities, and not of the waxes as a whole, must 
therefore be used as the basis for classifying crude beeswaxes. 

The impurities in crude beesmtx consist of honey, suspended parti
cles, or dIssolved substances, and mayor may not be colored. The 
soluble colored materials are attributll.ble to substances extracted 
from pollens, to propolis, and to substances produced by contact of 
the wax with metals. Darkening of crude wax by contact with iron 
or oxides of iron is very common. 

The crude ,,-axes that w!:re highly contaminated with propolis 
showed higher densitjes, indices of refraction, acid numbers, and 
iodine numbers than those containing' little propolis but appreciable 
quantities of other soluble contamillallts. Samples high in propolis 
could not be decolodzed by sun bleaching or adsorption, and they 
were decolorized chemically only with difficulty. 

W'hen melted crude waxe:: were treated with certain dilute acidb, 
brown waxes became yellow, but the yellow color was not removed. 

In tests of the complete removal or destruction of colored impurities 
by action of slU11ight, adsorbent solids, and chemicals, the individual 
waxes differed greatly depending on the nature of the colored im
purity. This fact indicates the necessity for establishing the chemical 
structure of these colored constituents and also their specific physical 
and chemical properties. 

The p.fiect of the method of decolorization on the composition of the 
wax is reflected to the greate~t extent in the differences between the 
chemical properties of crude waxes and the corresponding rE'fiIlE'd 
waxes_ The ash content was ]o,,-est in the waxes refined by sun bleach
ing. This process, however, was not so widely applicable to all waxes 
aR the chemical method, "which in every ease produced a nearly white 
prochwt "with a relatively high ash content. 

'Vax hloom has J)epn shown to be a mixture of organic compounds of 
10"- finallllelting point and narrow melting range. 

Preliminary experiments on the absorption spectra of extracts of 
crude bees waxeS and of fl. pollen suggest the possibility of determining
that the same colo!'('cl substances may he ('ommon to some crude bees
waxes and pollens_ 

For snl!' by the Superintendent or Doelll l~nts, Washington, n. C. - - - - - - - Price;:; cents 
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