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'I'hc nse of pcxnnlit h~ills as a ra\v ~llatrrial sollrce for the manufact~lre of cellulose fi1Ic.r 
p~.odncts \vas eva1uatt.d 1)y al)l>re\.iated liraft and soda pulping processes. Several types 
of experimental paper prodl~cts \\ere made fro111 the nnl~leached and partially bleached 
l ~ u l p ~  Breaking lcilgths and tear factors were determined for handsheets made with 
pcanr~t hull p111p alorle and \\,it11 nlixtures of peanut 111111 and softwood pulp. Son~e  hantl- 
\hcrts I~lended from pcanl~t hnll and \oood fibers \\,ere stronger than those made f ro~n  
pl1rcL \\~ood p11lp. In 1-ie\\, of the results obtained, it appears feasil)lr to employ peani~t  
I~ull  wastc. to esttsnd the fi1)er raw ~naterial basis of pulping processes withont sacrificing 
papcr clllality. 
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The increasing demand for paper prod- 
ucts has initiated a widespread search for 
fil~rous raw n1:lterials other thali wood. 
Next to secondary fibers, annual crops and 
agricultural residues also offer possibil- 
ities to supplemelit wood as a raw material 
source for paper production. Tlle reluc- 
tance on thc part of i~ldustry to eniploy 
such nonwood materials ste~ns partly from 
seasonal variations and limitations in sup- 
ply flo\vs, from spoilage in months-long 
storage, or simply from detraction from 
process efficiency or product performance. 
'4s technology progresses in an evolution- 
ary fasllion, the p1dp industry will have to 
learn to use raw materials that have not 
11een used before. Peanut llulls seem to 
offer one particularly well-suited escape 
fro111 wood supply shortage since they be- 
come a\7ailable as waste products from 

' 'I'lie aiithors \\is11 to ackno\vlrtlge thtb assistance 
of 111.. U'illinm 1). 5lajor of West\.aco, Covington, 
\'irginia, for help with the detrrn~ination of per- 
~nanganatc u~~rnbe r s  i ~ n d  1,rightncss of sollle hand- 
sht~txts. 

slielling operations at locally concentrated 
sites and on an almost year-round 1)asis. 
The cultivation and processing of peanuts 
is an exteilsive industry in the southeastern 
portion of tlie United States. Among the 
by-products of this industry are the Ilulls 
removed at the processing plant. Al~out 
400,000 tons per year of these shells are 
obtaii~al~le in the Southeast, most of nr l~icl~ 
at present are either burned or sold as 
mulch or as feed for animals. I t  appears, 
therefore, that there are good grounds for 
attempting to find an industrial 11se for 
these hulls. 

I11 tlie past, peanut llulls and related 
agricultural waste products have been used 
for the manufacture of particle and insula- 
tion l~oards (Chittelldel~ and Palmer 1964 
and 1965; Jain et al. 1964) and pulps (Lynch 
and Goss 1930; C:ovil 1960), among others. 

T l ~ e  cellulosic substances, which com- 
prise aproxiniately 46% by weight of the 
peanut hull a i d  fibers measuring 1.7 mm 
long on the average (Lynch and Chss 
1930), could be used for the production 
of pulp and paper. Efforts to demonstrate 
this use for peanut llulls have continued for 
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TABLE 1. Co~r~)~o,si t ion of Pec~nut Hulls us. W o o d  (1 Pinus resinosa) . 

P e r c e n t  
Component 

Peanut Hul ls  Red Pine  
~ e f e r e n c d l  

E x t r a c t i v e s  

Alcohol  
Water 
E t h e r  

1% NaOH Solubles  

2% H2S04 Solubles  

Ash: T o t a l  

S i 0 2  i n  Ash 

Ni t rogen 0 .9-1 .8  

P r o t e i n  5.6-7.9 

Lignin  33.4-33.7 

Pentosans  18.5-19.4 

Hemicel lu lose  

Lynch and Gass 1930 , 

Lynch and Goss 1930 

Gavi l  1960 
G a v i l  1960 

Lynch and Gass 1930 

Cel lu lose :  

Cross-Bevan Method 36.6 Govil 1960 
47.2-51.0 Lynch and Goss 1930 

Sieber-Wal ter  Method 43.5-45.0 

Jansen-Norman Method 35.2 Govi l  1960 

a - c e l l u l o s e  4 7 . 8  
-- 

l ) ~ e f e r e n c e s  refer t o  peanut  h u l l  composition; v a l u e s  f o r  wood were obta ined from Browning (1963) 

2 ) ~ l c o h o l - b e n z e n e  

3 ) ~ f t e r  e x t r a c t i o n  w i t h  alcohol-benzene 

Inany years. 111 addition to some special 
pulping processes that have been designed 
especially for use with nonwood raw ma- 
terials (see Institute of Paper Chemistry 
1970; Rydholm 1965), such as multistage 

with nitric acid ( hlills 1969 and 
1970), cou\7entional pulping processes based 
0 1 1  alkaline cund neutral liquors have been 
pn)posed (Lynch and Goss 19:30; Govil 
1960). Lynch and Goss (1930) used soda, 
kraft, and neutral sulfite processes on pea- 
nut hulls, but obtained only "unbleachable" 
or "l~leachable poor pulp" in low yields. 
I'apermaking efforts were quoted from the 
Forest Products Laboratory, which found 
"test sheets with equal parts of peanut hull 
pulp and wood pulp . . . to 11e weak." An- 
other study 1)y Govil (1960) describes the 
soda p ~ ) c e s s  and high teinperature as un- 
suited for the pulping of peanut hulls; in 
contrast, tlie sulfate method was used, and 
yields of 30-35% were ol~tained. No paper 
was made from the pulp. 

It  was the ol~jective of this investigation 

to study the pulp- and papermaking prop- 
erties of peanut hulls using conventional 
soda and kraft processes that may perinit the 
use of hulls as substitutes for and additives 
to wood chips,. Since the fibers are rather 
short, it would not be expected that a paper 
product made solely of peanut hulls would 
be of the sanie quality as paper made of 
wood p111p I-Iowever, the potential value 
of peanut hull pulp lies in blending it with 
wood pulp. Furthermore, numerous pulp 
and paper illills are located in the south- 
eastern states that afford ideal access to 
the supply of peanut hulls, and shipping 
costs will thus be ininiinized. 

The major components of peanut hulls 
have been analyzed following procedures 
designed for wood. In Table 1 some of 
the analytical data for peanut hulls that 
are available in the literature have been 
compiled and are compared to values ob- 
tained with wood. The surprisingly high 
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TAHL*. 2. H C S I L I ~ S  of I'l~lpii~g and Blcachiicg of I'cair~lt Hulls. 

Pulp 
Yie ld  

(%)  

P e r m a n ~ a n a t e  No. 
Unbl. BI.  

B r i ~ h t n e s s  
Unbl. Bl .  

Freeness  -- 
Unbl. BI.  

Amount 
of 

Shives 

0 193.5 0 5 7 . 3  25 .7  1 .4  17 .9  59.9 200 495 low - none 

1 5  164.5 28 .3  53 .8  22.5 6 .7  19.7 57.6 270 360 low - medium 

30 135.6 56 .6  55.0 24.7 2 .7  1 4 . 1  57.2 280 305 w d i u m  - high 

50 96.7 94 .3  47.5 28.4 16 .7  12 .9  28.6 290 295 very h i g h  (unbleached: 
a p p r .  50% s h i v e s )  

col~tent of ligllin ill peanut hulls ~nigllt rc- 
fleet t l ~ c  co~ldensation of proteins kuld lignin 
11ndcr the inflnence of the lig1li11-tleterinin- 
i ~ ~ g  treatment (snlfnric acid), as pointecl 
o l ~ t  1)y Lai and Sarkanen ( 1971). 1 Iowever, 
the ligllin coi~tei~t  is of secondary impor- 
tance since pl~lpi l~g aiirls at complete fiber 
sc,~aration coml>incd with good blenc1~- 
al~ility rather t11a11 ; ~ t  co~nplete delignifica- 
tion. (:ellulose and hcmiccllnlosc~ coiltents 
of pcuuut l~ulls seeln to I)e very similnr to 
thosc of \vood tissues. 

The lil,eratiou of fibers from peanut 11ulls 
\t7as carried out with alkaline litruors con- 
taining \,aryiiig cluantitics of sulfides. 
Soditwl Ilydroxide and socliu~n sulfide wcrc 
thc active cheinicals used. Tlie tlegree of 
sulfidity, wllic11 is tletermiilecl by the eon- 
ccl~tration of sodium sulfide, was varied 
fro111 0 to 50%. For each test, 750 g of 
ove11-dry ( OD) peanut hulls were pulped, 
and the total amount of active chemicals 
(referring to NaOII + Na,S, expressed as 
N a 2 0 )  was set at 20% of the weight of the 
111111s or 150 g. The chemicals were dis- 
solved in 2.5 liters of watcr to which the 
I>nlls were then added. T l ~ c  contc.nts were 
placed ill an autoclave atid cooked at 180 C 
for 1% 111- after l.4 hr heatup time. Pre- 
lilninary tests had shown that these were 
opti~num conditions to obtai11 pl~lps that 
clisintegrate well with pernlanganate num- 
1)ns of almut 25. Four tests were conducted 
i l l  which the sulfidities were set at O%, 15%, 
: 3 0 % ,  and 50%. The p111ps wercx filtered 

through paper, wa5llccl thorougl~ly, and 
di5iiltegri1ted for 10 min. The r e s~~ l t \  arc 
compiled in Table 2. 

A partial 1)leaehing process consistil~q of 
the following three stages was carried out 
on the ~ ~ n b l ~ ~ a c l i e d  peanut hull pulps 
( PHP) : 1 ) chlorii~atio~~, 2 )  extractio~r with 
alkali, 3 )  hypochlorite treatment. The 
lcngth and te~nperature of the treatments 
were kept as low as possil~le ill order to 
avoid exeessivcb degradation of cellulose. 

For each test, 45 g of OD unblenc~~~ed 
pulp was used. 11) the chlorination stage, 
the amount of chlorine used was 5.2% of 
the weight of the pulp; pulp consistencj7 
was 3%. The mixture was left for 45 1~11in at 
rooin temperatlux; afterwards, the snspen- 
sion was filtercd and washed until it was 
neutral. The amount of sodium hydroxide 
used ill the alkalii~e extraction stagc was 
2.5% of the 01) pulp; pulp consistency was 
10'i:. The alkali was allowed to react wit11 
the pulp at 7.5 C for 1 11r under agitation. 
Afterwards, tllr: suspension was filtered and 
washed free from alkali. In the fin:~l stage, 
the amount of active chlorine in tl1c3 hy- 
pochlorite solution was 1.8% of the OD 
pulp at a pulp consistency of 10%. The 
pH value of the suspe~~sion was perioc1ic:ally 
checked and kept between 10.4-11.2. The 
suspension was heated to 35 C and kept 
at this temperature for 2.5 lir. Aftt.rwnrds, 
the suspensioi~ was filtered and washed 
with water. Hesults are su~nrliarizetl in 
Tal~lc 2. 
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I 1, 'l'c;it.ing Factors of Hlt~nded Handsheets 
Lrsi11g L~r~l) I (~~~chccl  l'c:~ni~t 131111 P\~ lps ,  

For~t~citiot~ (HI(/ testing of ha~ltl~rlleets 

Standard 1.2 ,g lia~ldsheets n w e  niade 
fro111 111111leached and partially bleached 
PIII' following TAPPI standard T205, and 
their physical properties were determined. 
Trar factor and breaking Icngth data were 
01)tained ljy ~ ~ s i i i g  all Elnlcndorff tear 
trstn- and Instron tensile apparatus, re- 
spc~ctivcly. Testing procedures used were 
accorclii~g to TAPPI sta~ltlarcl T220. Also, 
1)lcndecl handshccts composed of 070, 5%, 
152, 259, 509, and 75q by meight PIIP 
a11d I~leachecl softwood pulp (Special Pulp, 
Testing-Blotting, by: SOKG PAPEKS, 
Copco Papers, C:olumbus. Ohio. Distribu- 
tors, ina~infactured i l l  accordance with 
TAI'PI standard T205 111-SO) were inade 
and tested. For the tearing tests, the data 
\t7cre ol~tained 11y testing rhither fo~ir  or five 
handshects together a~lcl, ~lsuall>~, by mak- 
i~rg  five tears 011 each sample wllose values 
\yere :~\reraged. Fivc or s i ~  strips of sample 

Percent PHP (by w t )  

Frc.. 2 .  Te:u iiig Facto1.s of Blended I [ai1tlsl1eet5 
U\ing Bleached I'cannt I11111 pulps. 

paper were used separately in deter~nining 
the te~lsile strengths, and the average 
reading was determined. The (2a1l;tdian 
Standard Freeness test was performed on 
1)leached and unbleached PHP in ac- 
cordance wit11 TAPPI standard T227. 
Brightness was determined foIlo\vi11g the 
procedure outlined in TAPPI staridard 
T217. 

The 50%. sulfidity unbleached kraft pulp 
was linsliited for 21andsheet forn~ation with- 
out prior screening. Therefore, thc 50% 
sulficlity pulp was screened ill order to 
remove undeligilified particles (shives), and 
subsequently handsheets were inaclc from 
tlle screened pulp only. I11 forming blended 
liandsheets, the unbleached PI-IP obtained 
from the 3054 and 50% sulfidity cooks were 
screened, while the remaining pl~lps were 
used as obtained fronl the laboratory tests. 

KESIJ1,TS AND IIISCUSSIOS 

The pulping of peanut hulls wit11 alkaline 
licllwrsat va.rious sulfidity levels secins to 
produce pulps in far higher yields than has 
bee11 reported previously (Lynch and Goss 
1930; Covil 1960). As indicated in Table 
2, 53-53% of the hlllls \yere obtained as 
pulp if the sulfidity was varied between 0 
and 307.. Relatively short cooking periods 
of 154 hr, plus 'A hr heatup time were snf- 
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'I(:. 3. Brealiing Length of Blended IIand- 
sheets Using Unbleached Pcan~lt  Hull Pulps. 

ficient to lower the lignil~ conte~tt of the 
hull fillers to a permanganate number of 
around 22. The plilps obtained from the 
0% and 159 sulfidity tests appeared to 
have 1)cen more conlpletely delignified. 
Thc fibers were liberated to a greater ex- 
tent; there were fewer undigested particles; 
and the products were of a lighter color 
\vheil compared to the pulps received from 
tlle higher sulfidity tests. In general, the 
lignin content of the pulps appears to be 
lower at low sulfidity levels. 

This unexpected observation of the effect 
of sulfidity content on delignification may 
find its explanation in a difference in lignin 
structure between peanut hulls and wood. 
\Vhere sodium sulfide has 1)een shown to 
effectively aid cleavage of glyceryl P-aryl 
ethers in the p ~ ~ l p i n g  of wood (Marton 
1971), this ether linkage ~ilight not be as 
prevalent in peanut hulls as it is in the 
lignin of conifers and angiosperms. I11 con- 
trast, phenolic hydroxyl groups might be 
predominating in the liguin of peaillit liulls, 
causing it to dissolve inore rapidly in alka- 
line solutions. Consecynently, the concen- 
tration of s o d i ~ ~ m  sulfide in the cooking 
liclnor might be of less ii~flnence to the 
pulping of peanut lilllls than it is to the 
delignification of wood. However, there 
seems to 1)e some relationship between the 

oLA- 20 40 60 80 1W 

Percent PHP (by wt) 

FIG.. 4. Breaking Length of Blended Iland- 
5heets Using Bleached Peanut Hull P1ilp5. 

sulfidity of the liquor a i d  the shive co~ltent 
of the pulp with the effect that soda pulp 
has the least contamination from undeligni- 
fied particles. At 0% and 15% sulfidity, the 
plilp apeared clean and hon1oge11c:ous 
after bleaching; with the shives entirely de- 
graded. The higher sulfidity pulps secined 
inferior. 

Table 2 also shows the relation obtained 
betwee11 brightness and sulfidity 1evc.l for 
the unbleached and partially blenched 
pulps. The data compare well with those 
typically obtained for wood pulps. For the 
unbleached pulps, the highest I~rightness 
was obtaiiled ;at the lower sulfidity levels, 
although the brightness did not change 
markedly. For the bleached pulps, the 
l~rightness was independent of sulfidity up 
to 30%, beyond which the brighti~ess de- 
creased sharply. 

Freeness, which is a measure of the drain- 
age time of pulps, was deterlllined for 
bleached aiid unbleached peanut hull 
pulps and results are contained in 'Tallle 2. 
For the unbleached pulps, the freenesses 
are relatively constant from 15% to 50% 
sulfidity and are independent of sulfidity. 
At 0%' sulfidity, the freeness is slightly 
lower. For the l~leached pulps, it is evident 
that the freeness is not increased by higher 



slilfidity. Freeness is a masiiii~in~ at 0% 
sulfidity aiid decreases as sulfidity in- 
creases. 

The results of strei~gtl~ tests with peanut 
1,1111 paper and blended sheets are repre- 
se1rtt.d i n  Figs. 1 4 .  IVhen cornpared to 
wood filler paper, :ill of the hull papers 
~7ere inferior. Handsheets formed from 
peanut hull pulp revealed tliat better paper 
was made at lower sulfidity levels than at 
Ilighcr levels. The soda-cooked pulps had 
tlie lowest content of shives anloilg all 
pulps, and pulps from tlie cook with the 
higliest sulfidity content had to be deshived 
prior to handsheet formation. Itemoval of 
these ~undelignified filler l~tmdles had a 
~nnrked effect only oil the llreaking le~igtli 
of tlle 50%' sulfidity peanut hull hainclsheets 
(Fig. 3 ) ,  for which no good r~xplanation 
can lle gi\ren. Most other pulps contained 
considerably fewer shives for wllich reason 
screening was omitted altogether. 

Whe~r tearing factors of blended liand- 
sheets were compared to those of hand- 
slleets made from softwood pulp (blotting 
paper), Illended ha~idshcets were inferior 
in quality if the content of peanl~t hull fiber 
e~cecded approximately 20% as shown in 
Fig. 1. IIowever, up to 100% strength in- 
creases over pure softwood pulp are ob- 
served if the handsheet contains oi~ly 5% 
~ i ~ ~ l ~ l e a c l ~ e d  peanut hull fibers. The in- 
crease in tear factor varies with tlie sulfidity 
l ~ e l  of the peanut hull cook ant1 is highest 
at 157; sulfidity. 

Thc results arc similar, altllough less 
prono~uiced with 1)leached peanut 111111 pulp 
a s  shown in Fig. 2 .  

The I~reaking length of peanut 111111 paper 
also varies with the sulfide co~~centration 
of tlie cooki~ng liquor. Bleildcd handsheets 
with un1)leached and partly blenched pea- 
nut hull pulps generally sllo\v slightly im- 
proved tensile strength properties over a 
wide range of blending when compared 
to paper made with pure wood pulp as is 
depicted ill Figs. 3 aiid 4. Ra~idslieets nlade 
\vith 5% peanl~t 111111 pulp of the 15% sul- 
fidity cook show a striking strength increase 
of allnost 50:':. This value matches closely 
the ol)servatio~~ of tear streiigth values. 

COSCLUSIONS 

It  was found, for peanut hulls, that the 
degree of deligilification was not distinctly 
different at different sulfidities and that 
the best results were obtained with liquors 
containing between 0-15%' sulfidity. This 
suggests that the chemical nature of the 
lignin molecule contained in peanut hulls 
differs from that found in soft- and hard- 
\vood species. 

Under the conditions outlined in this re- 
port, it was \,erified that a peanut hull pulp 
was of inferior strength to that of paper 
made of wood pulp. In contrast to results 
from previous investigations reported in the 
literature, however, yields of kraft pulped 
peanut hulls were found to range from 50 
to 60%. This contradiction call probably 
best be explained with differences in cook- 
ing times, which were previously chosen 
to be up to 7 lir (Govil 1960). With respect 
to papernlak.ing properties, it was found 
tliat when peanut hull pulp is added to 
\vood pulp in proportions up to approxi- 
mately 20% by weight, the strength of the 
paper product produced is comparable, 
and in several cases, increased over that of 
paper n~ade  with pure softwood pulp. 

The tests showed that a coi-~ventional 
pulp and paper plant, designed for pulp- 
ing \vood, nc:ed not drastically motlify its 
processes in  order to utilize peanut hulls. 
Since tlie films are small, some problems 
could arise from using existing filtering ap- 
paratus, in which case a unique filtering 
system inigl~~t be needed. However, in 
1)lends with wood fibers, this should not Ile 
a problem. 
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