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Resistant to high stress—such as in the form of extreme temperature and pressure—polymers 
have many uses in electrical applications, where antistatic or conductive properties are 
preferred. Examples include conductive seals, oil pipeline spheres, and gaskets. Many factors 
may affect the electrical resistivity of a given polymer compound, including the type and 
number of carbons, the type of rubber, its cure time and temperature, and the dispersion. 
External conditions, such as relative humidity and temperature, also play key roles. This 
paper will analyze five different rubber compounds by examining the difference between 
experimental and calculated volume and surface resistivity in both high and low humidity 
conditions.

Introduction
When electricity is applied to a rubber sample with electrodes on both the top and bottom 

VXUIDFHV��D�FXUUHQW�ÁRZV�WKURXJK�WKH�ERG\�RI�WKH�VDPSOH��:KHQ�HOHFWURGHV�DUH�RQO\�LQ�FRQWDFW�
ZLWK�RQH�VLGH�RI�WKH�VDPSOH��KRZHYHU��WKH�FXUUHQW�ÁRZV�EHWZHHQ�WKRVH�WZR�HOHFWURGHV��DFURVV�
WKH�VXUIDFH�RI� WKH�VDPSOH��7KH� ODWWHU�FDVH� LV�QRW�DV�VLPSOLVWLF�DV� LW�DW�ÀUVW�DSSHDUV��KRZHYHU��
ZKHQ�D�JLYHQ�YROWDJH�H[LVWV�EHWZHHQ� WZR�HOHFWURGHV�DQG�FXUUHQW� LV�DOORZHG� WR�ÁRZ�EHWZHHQ�
WKHP��WKH�UHVXOWLQJ�HOHFWULF�ÀHOG�LV�QRW�FRQÀQHG�WR�D�VLQJOH�SODQH��7KLV�LV�NQRZQ�DV�WKH�IULQJLQJ�
effect or, as ASTM, the American Society for Testing and Materials, which standardizes and 
HGLWV��DV�QHHGHG��WKH�SURFHGXUHV�IRU�PDQ\�NLQGV�RI�SURSHUWLHV�DQG�PDWHULDOV�WHVWLQJ��'����VWDWHV��
´IULQJLQJ�RI�WKH�OLQHV�RI�FXUUHQW�LQ�WKH�UHJLRQ�RI�WKH�HOHFWURGH�HGJHV�PD\�HIIHFWLYHO\�LQFUHDVH�WKH�
electrode dimensions.” 1 

Scheme 1. The Effects of Fringing 
*ROG�UHFWDQJOHV�UHSUHVHQW�HOHFWURGHV��\HOORZ�OLQHV�UHSUHVHQW�FXUUHQW��EODFN�UHFWDQJOH�UHSUHVHQWV�UXEEHU�VDPSOH�

 
7KLV�LV�GXH�WR�WKH�SUHVHQFH�RI�DQ�HOHFWULF�ÀHOG��ZKLFK�LV�TXDQWLÀHG�E\�WKH�IRUPXOD�(f = F/q, where 
F is the force in Newtons, q is the charge in coulombs, and Ef�LV�WKH�UHVXOWLQJ�HOHFWULF�ÀHOG�LQ�
Newtons per coulomb. These units, Newton per coulomb, are also equivalent to volts per meter 
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(i.e. Ef� �Ƌ9�G���,W��WKHUHIRUH��IROORZV�WKDW�DQ�LQFUHDVH�LQ�YROWDJH�VXSSOLHG�UHVXOWV�LQ�D�ODUJHU�(f, 
which would result in greater fringing effects, or more current passing through the body of the 
sample, rather than simply the surface�. Because the distance between the electrodes, d, remains 
FRQVWDQW��DQ\�LQFUHDVH�LQ�YROWDJH�QHFHVVDULO\�LQFUHDVHV�WKH�HOHFWULF�ÀHOG��
$�ODUJHU�SDWK�IRU�WKH�FXUUHQW�WR�ÁRZ�WKURXJK�FKDQJHV�WKH�PHDVXUHG�VXUIDFH�UHVLVWLYLW\�YDOXH�LQ�
accordance with the electronic-hydraulic theory, also referred to as the drainpipe theory�-�. The 
theory claims that water pressure in a pipe and voltage through a circuit are analogous, as well 
DV�ÁRZ�UDWH�DQG�HOHFWULFDO�FXUUHQW��$�ODUJHU�SLSH��WKXV��DOORZV�IRU�D�JUHDWHU�YROXPH�RI�ZDWHU�WR�
ÁRZ�WKURXJK�LW�DW�D�JLYHQ�SUHVVXUH��6LPLODUO\��D�ODUJHU�SDWK�DOORZV�IRU�PRUH�HOHFWULFDO�FXUUHQW�WR�
ÁRZ�WKURXJK�WKH�FLUFXLW�DW�D�JLYHQ�YROWDJH��
From this, it can be postulated that a rubber sample exposed to high amounts of voltage during a 
WHVW�ZRXOG�H[SHULHQFH�JUHDWHU�IULQJLQJ�HIIHFWV��,Q�RWKHU�ZRUGV��WKH�HOHFWULFDO�ÀHOG�ZRXOG�H[SDQG��
UHVXOWLQJ�LQ�D�ODUJHU�SDWK�IRU�FXUUHQW�ÁRZ�DQG�XOWLPDWHO\�D�ORZHU�VXUIDFH�UHVLVWLYLW\��(YHQ�WKRXJK�
Ohm’s law states that resistance and voltage have a direct relationship, rubber compounds often 
do not exhibit ohmic behavior5��7KLV�H[SODQDWLRQ�WKHQ�ÀOOV�LQ�ZKHUH�2KP·V�ODZ�FDQQRW�
This fringing phenomenon begs the question of whether surface resistivity actually exists as 
a concept separate from volume resistivity in regards to homogenous samples, or as simply a 
mathematical concept. Some argue that surface resistivity is not a true material property because 
surfaces do not usually have distinct electrical properties differing from the bulk properties of 
WKH�VDPSOH��7KH�ÁRZ�RI�FXUUHQW�RYHU�D�VXUIDFH�only cannot realistically be described.6

(OHFWULFDO�ÁRZ�LV�OLPLWHG�E\�WKH�OHQJWK�RI�LWV�SDWK��HOHFWULFLW\�GRHV�QRW�ÁRZ�DV�ZHOO�DW�WKH�VXUIDFH�
alone when compared to the volume of the sample simply because the path size is so much 
smaller, not due to different intrinsic properties of the sample. If a sample were viewed as many 
small layers, the surface layer would differ only from the interior layers in that the former is in 
contact with only one other layer, rather than two in the case of the latter. 
7KH� IDFW� WKDW� WKH� XQLWV� EHWZHHQ� VXUIDFH� DQG� YROXPH� UHVLVWLYLW\� GLIIHU³��VT� YV�� ��P��
respectively—seems then to be a non-issue when viewed in this light. If these units are used to 
FDOFXODWH�WKH�YROXPH�UHVLVWLYLW\�LQ���P�RI�WKH�WRS��������RU�DQ\�PLQLVFXOH�SHUFHQWDJH���WKHQ�
the thickness becomes negligible and the value approaches that of surface resistivity. This paper 
will, therefore, treat surface and volume resistivity as though they were measured in the same 
units. 
When measuring the volume resistivity experimentally, the surface resistivity can be 
PDWKHPDWLFDOO\�FDOFXODWHG�DV�Ưv�W��ZKHUH�Ưv is the volume resistivity and t is the thickness of the 
sample in meters. When measuring the surface resistivity, volume resistivity can be similarly 
calculated. The only difference between the two measurement methods is the electrode setup.
This study aims to evaluate the effectiveness of measuring volume or surface resistivity. 
Humidity plays a large role in swaying the electrical resistivity of a sample as well7 and thus 
PHDVXUHPHQWV�RI�ERWK�VXUIDFH�DQG�YROXPH�UHVLVWLYLW\�IRU�ÀYH�GLIIHUHQW�FRPSRXQGV�ZHUH�WDNHQ�
at a ‘high’ and ‘low’ level of relative humidity. 

Experimental
7KH�HTXLSPHQW�XVHG�WR�PDNH�WKH�UHVLVWLYLW\�PHDVXUHPHQWV�ZDV�WKH�(6����9ROXPH�5HVLVWLYLW\�
Conductivity Test System manufactured by ESD/EMC (Electrostatic Discharge/Electromagnetic 
&DSDELOLW\��� ZKLFK� LV� GHVLJQHG� VSHFLÀFDOO\� WR� PHHW� WKH�$670�'���� VWDQGDUG��$� KXPLGLW\�
DQG� WHPSHUDWXUH� JDXJH� IURP� &ROH�3DUPHU�� ,62� ������ &DOLEUDWHG�� SURYLGHG� ODE� FRQGLWLRQ�
measurements. ISO refers to the International Organization for Standardization.  The press used 
WR�PDNH�WKH�VODEV�ZDV�PDQXIDFWXUHG�E\�:DEDVK�0HWDO�3URGXFWV��,QF�DQG�LV�0RGHO����������
�70%���,W�UXQV�DW����WRQV�RI�IRUFH��7KH�VODE�PROG�XVHG�WKHUHLQ�LV�D�VLQJOH�FDYLW\�&6&0��IURP�
%HQ]�DQG�DGKHUHV�WR�WKH�UHJXODWLRQV�DV�SHU�$670�'�����
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7KH�ÀYH�VDPSOHV�VHOHFWHG�IRU�VWXG\�KDYH�GLIIHUHQW�EDVH�UXEEHUV��W\SHV�DQG�DPRXQWV�RI�FRQGXFWLYH�
FDUERQ�EODFN��DQG�YDULRXV�ÀOOHUV��VXFK�DV�DQWLGHJUDGDQWV�DQG�SODVWLFL]HUV��7KH�VSHFLÀFV�RI�WKHVH�
LQJUHGLHQWV�FDQQRW�EH�GLVFORVHG�KHUH�DV�WKDW�FRPSURPLVHV�FRQÀGHQWLDO�FRPSDQ\�LQIRUPDWLRQ��
Samples were prepared by curing unvulcanized samples ranging from 57 g to 66 g depending 
RQ�WKH�VSHFLÀF�JUDYLW\�RI�WKH�FRPSRXQG��7KRXJK�DOO�FXUHG�DW����°F, each compound requires 
a different amount of time spent in the press to reach a complete cure. These times ranged 
IURP�����PLQXWHV��DQG�RQH�FRPSRXQG�UHTXLUHG�D�SRVW�FXUH�IRU����KRXUV��$OO�VDPSOHV�ZHUH�WKHQ�
FRQGLWLRQHG�DW�URRP�WHPSHUDWXUH�IRU�!���KRXUV��DV�VSHFLÀHG�LQ�$670�'�����(DFK�VDPSOH�ZDV�
WKHQ�FXW�WR�ÀW�����[���LQFK�GLPHQVLRQV��WKLFNQHVV�ZDV�DOVR�PHDVXUHG�DQG�PHW�WKH�'����VWDQGDUG�
UHTXLUHPHQW�RI�XQLIRUPLW\�ZLWKLQ�����7KH�DYHUDJH�WKLFNQHVV�RI�DOO�VDPSOHV�ZDV�DSSUR[LPDWHO\�
0.080 inches. For each compound, three samples were made. 
Contrary to ASTM D991 standard, samples were not cleaned with Fuller’s earth and deionized 
water, or by any other substitute(s), for the purposes of analyzing the effects of bloom on 
volume and surface resistivity, both experimentally and mathematically. It was also determined 
that in most application situations, a rubber piece would not be cleaned thoroughly or regularly.  
,Q�WKLV�PDQQHU��WKLV�WHVW�VWULYHV�WR�UHSOLFDWH�DFWXDO�DSSOLFDWLRQ�FRQGLWLRQV��%ORRP�LV�GHÀQHG�DV�D�
´FUHDP\�RU�GXVW\�GHSRVLW�DSSHDULQJ�RQ�WKH�VXUIDFH�RI�D�PROGHG�UXEEHU�SURGXFW��FDXVHG�E\�WKH�
migration of certain compound ingredients to the rubber’s surface after molding and storage”8. 
During volume resistivity testing, samples came in contact with four electrodes across their 
bottom surface: two potential (voltage) electrodes and two current electrodes. They also came in 
contact with two current electrodes on their top surface. During surface resistivity testing, these 
top two current electrodes were removed, leaving only the four on the bottom surface. In both 
W\SHV�RI�WHVWLQJ�����J�RI�PDVV�LQ�WKH�IRUP�RI�WKLQ�PHWDO�SODWHV�ZDV�DSSOLHG�IURP�WKH�RSSRVLWH�
VLGH�RI�D�KLJKO\�LQVXODWHG�SLHFH�RI�SODVWLF�WR�SURYLGH�VXIÀFLHQW�SUHVVXUH�WR�HQVXUH�JRRG�FRQWDFW�
with all electrodes. 
Voltage was applied to each sample for 5 seconds, at which time the voltage and current 
measurements were recorded. The operator then multiplied these values together to determine 
the power output in watts. ASTM D991 requires an output of 0.1W. Applied voltage can be 
adjusted during testing to ensure that this requirement is met. Each trial continued until six 
values resulting in a 0.1W output were attained. The resistivity values at these correct power 
RXWSXWV�ZHUH�WKHQ�DYHUDJHG�WR�JLYH�WKH�ÀQDO�UHVLVWLYLW\�UHVXOW��%HWZHHQ�WHVWV��WKH�VDPSOHV�QRW�
XQGHUJRLQJ� HOHFWULÀFDWLRQ�ZHUH� ODLG�RQ� D�SDSHU� WRZHO��7KH�RSHUDWRU� URWDWHG�EHWZHHQ� VDPSOH�
pieces in order to avoid charging the samples and skewing the data. The operator wore gloves at 
all times while handling the pieces to avoid contamination from skin oils. 
7KUHH�VDPSOHV�IURP�HDFK�RI�WKH�ÀYH�FRPSRXQGV�ZHUH�WHVWHG�LQ�KLJK�DQG�ORZ�KXPLGLW\��+HUH��
¶ORZ·�LV�GHÀQHG�DV�UDQJLQJ�IURP�����WR�����UHODWLYH�KXPLGLW\��DQG�¶KLJK·�LV�GHÀQHG�DV�UDQJLQJ�
IURP�����WR�����KXPLGLW\��$FFRUGLQJ�WR�$670�'�����HOHFWULFDO�WHVWLQJ�VKRXOG�QRW�EH�FDUULHG�
RXW�DERYH�����UHODWLYH�KXPLGLW\��+RZHYHU�IRU�WKH�¶KLJK·�UDQJH��LW�ZDV�GHHPHG�YDOXDEOH�WR�WHVW�
WKH�ERXQGDU\�VHW�E\�WKH�VWDQGDUG�DQG�WR�H[FHHG�LW�E\�D�VPDOO�PDUJLQ��LQ�WKLV�FDVH��RQO\����RYHU�
the recommended limit). 
7KH� IROORZLQJ� HTXDWLRQ�� DV� VSHFLÀHG� LQ�$670�'����� \LHOGV� WKH� YROXPH� UHVLVWLYLW\� UHVXOWV��
Surface resistivity is identical other than the omission of t. 

ȡ� �V w t
         Il

Where, ȡ is volume resistivity, V is voltage, w is width of the sample, t is thickness of the sample, 
I is the current through the sample, and l is the distance between the potential electrodes.
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Results and Discussion
&RPSRXQGV�&��������WKURXJK����ZHUH�DOO� WHVWHG�DW�KLJK�DQG�ORZ�KXPLGLW\�VHWWLQJV�IRU�ERWK�
surface and volume resistivity. Both values were then used to calculate the other (i.e. volume 
resistivity used to calculate surface and vice versa). The composite results of these trials are 
VXPPDUL]HG� LQ�7DEOH� ���$OO� YROXPH� UHVLVWLYLW\� YDOXHV� DUH�PHDVXUHG� LQ���P� DQG� DOO� VXUIDFH�
UHVLVWLYLW\�PHDVXUHPHQWV�DUH�LQ���VT�

Table 1. Overall Resistivity Results of C07443 Compound Series

Sample Temp (F) +XPLGLW\���� Surface (exp) Surface (calc) Volume (exp) Volume (calc)

&������� �� �� X 9019.5 18.9 X

&������� �� �� ������� X X ����

&������� �� �� X ������ 19.6 X

&������� 77 �� ������ X X 17.1

&������� �� �� X ������ 10.9 X

&������� �� �� ������ X X ����

&������� �� 61 X 8557.0 ���� X

&������� 75 65 ������ X X ����

&������� �� �� X ���� 0.16 X

&������� �� �� ���� X X 0.15

&������� �� �� X 81.7 0.17 X

&������� 75 66 78.7 X X 0.17

&������� �� �� X ������� 91.5 X

&������� �� �� ������� X X 98.8

&������� 75 �� X 107599.0 ����� X

&������� 75 66 ������� X X �����

&������� �� �� X ������� ���� X

&������� �� �� ������� X X ����

&������� 75 65 X ������� ���� X

&������� 77 65 ������� X X ����

Table 1 gives an overview of the results of the resistivity testing, providing temperature in 
)DKUHQKHLW��UHODWLYH�KXPLGLW\��5+��SHUFHQWDJH��VXUIDFH�UHVLVWLYLW\�LQ���VT�DQG�YROXPH�UHVLVWLYLW\�
LQ���P��7KH�ODVW�WZR�FROXPQV�SURYLGH�WKH�GDWD�IRU�WKH�FDOFXODWHG�VXUIDFH�DQG�YROXPH�UHVLVWLYLWLHV��
which retain the same units as the values experimentally measured. An ‘X’ denotes a data point 
WKDW� LV� QRW� DSSOLFDEOH�� )RU� H[DPSOH�� LQ� WKH� ÀUVW� URZ� RI� WKH� WDEOH�� ERWK� H[SHULPHQWDO� VXUIDFH�
UHVLVWLYLW\�DQG�FDOFXODWHG�YROXPH�UHVLVWLYLW\�KDYH�DQ�¶;·��WKLV�LV�EHFDXVH�WKDW�URZ�GHVFULEHV�WKH�
trial wherein volume resistivity was measured (experimental) and the surface resistivity was 
calculated.  In evaluating the precision of the data regarding the difference between experimental 
DQG�FDOFXODWHG�YDOXHV��VWDQGDUG�GHYLDWLRQ�EHWZHHQ�ERWK�YDOXHV�ZHUH�FDOFXODWHG��7DEOH����
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Table 2. Standard Deviation Between Experimental and Calculated Values

Low RH Surf. Dev Low RH Vol. Dev High RH Surf. Dev High RH Vol. Dev

&������� 871.676 ����� ������� 1.768

&������� ������� ����� �������� �����

&������� ����� 0.007 ����� 0.000

&������� �������� ����� ��������� ������

&������� ������� 1.061 �������� 6.081
7DEOH� �� VKRZV� WKH� VWDQGDUG� GHYLDWLRQ� RI� D� JLYHQ� FRPSRXQG·V� H[SHULPHQWDO� DQG� FDOFXODWHG�
values at either high or low RH (relative humidity). This seems to imply, however, that surface 
resistivity varies largely with volume resistivity when examining calculated vs. experimental 
values. Nonetheless, one must take into account that the volume and surface data differ by two 
orders of magnitude (or more) for any given compound. This skews the results. 
Therefore, it was determined that a more effective way to analyze the data would be to utilize a 
proportional difference evaluation method, as shown below:
7DEOH���VKRZV�WKH�UHVXOWV�RI�WKLV�HYDOXDWLRQ��

Table 3. Proportional Difference Between Experimental and Calculated 
Values

/RZ�5+�6XUI����GLII /RZ�5+�9RO����GLII +LJK�5+�6XUI���GLII +LJK�5+�9RO����GLII

&������� ������ ������ ������ ������

&������� ������ ������ ������ ������

&������� ����� ����� ����� 0.000

&������� 7.688 ����� ������ ������

&������� ����� ����� ������ ������
7DEOH���VKRZV�WKH�UHVXOWV�RI�D�SURSRUWLRQDO�GLIIHUHQFH�PHWKRG�RI�HYDOXDWLQJ�WKH�FDOFXODWHG�DQG�
experimental volume and surface resistivity results as demonstrated in Equation 1. 
This method provides a different analysis of the results, showing that volume and surface 
resistivity measurements methods are comparable in precision. Examining the data in this 
IRUPDW� DOVR� VKRZFDVHV� WKH� LQFUHDVH� LQ� SHUFHQW� GLIIHUHQFH�EHWZHHQ�ERWK�YDOXHV�ZLWK� D�a����
humidity swing. The surface percent difference value contains a component of the volume 
percent difference value, in that the calculated surface value was derived from the experimental 
volume. The overall difference in precision with an increase in humidity can be noted here, the 
PRVW�PDUNHG�GLIIHUHQFH�RFFXUULQJ�ZLWK�&��������DQG� ����ERWK�RI�ZKLFK�H[SHULHQFHG�D�����
increase (in surface and volume). Therefore, a nearly 1:1 relationship exists between percent RH 
increase and percent proportional difference increase. This observation is compound dependent, 
but useful when viewed as a pattern to decipher percent RH values.
Interestingly, the increase in percent proportional difference with higher humidity may also 
EH� LQGLFDWLYH�RI� WKH� LQFUHDVH� LQ� UHVLVWLYLW\� DFURVV� WKH�ÀYH�GLIIHUHQW� FRPSRXQGV� LQ� WKH�KLJKHU�
KXPLGLW\�VHWWLQJ��%RWK�WKH�H[SHULPHQWDO�VXUIDFH�DQG�UHVLVWLYLW\�LQFUHDVHG�LQ�WKH�KLJK��5+��ZLWK�
WKH�VLQJOH�H[FHSWLRQ�RI�&���������$W�ÀUVW�WDNH��WKH�DVVXPSWLRQ�PLJKW�EH�WKDW�LQFUHDVHG�KXPLGLW\�
would decrease resistivity due to higher amounts of water droplets in the air, which would assist 
LQ�HOHFWULFDO�FRQGXFWLYLW\��$670�'����HYHQ�VWDWHV�WKDW�´WKH�LQVXODWLRQ�UHVLVWDQFH�������GHFUHDVHV�
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with both increasing temperature . . . and with increasing humidity”.9 This is not, however, the 
FDVH�ZLWK�WKH�&������VHULHV��
One possible explanation is that these are not insulating materials, in contract to those discussed 
LQ�'�����:LWK�WKH�KLJKHVW�YROXPH�UHVLVWLYLW\�YDOXH�EHLQJ�WKDW�RI�&����������������P���WKHVH�
materials fall within the range of conductive materials, or those that have a volume resistivity of 
1x 10����FP�RU�OHVV10. For conductive materials, an increased temperature, alone, is enough to 
lower conductivity. This is due to addition of kinetic energy to the system and, therefore, more 
particle collision within the sample. Higher humidity, in this study, appears to indicate higher 
WHPSHUDWXUHV��WKXV��LW�LV�OLNHO\�WKDW�WKH�XSZDUG�VKLIW�LQ�UHVLVWLYLW\�DFURVV�WKHVH�ÀYHV�FRPSRXQGV�
is due to higher temperatures11-��.
Given the proximity in the shift of percent proportional difference between volume and surface 
UHVLVWLYLW\��LW�ZDV�VSHFXODWHG�WKDW�D�TXDQWLÀDEOH�UHODWLRQVKLS�H[LVWHG�EHWZHHQ�WKH�WZR�YDOXHV��,Q�
*UDSKV���DQG���EHORZ��H[SHULPHQWDO�YROXPH�UHVLVWLYLW\�YDOXHV�DUH�SORWWHG�DJDLQVW�H[SHULPHQWDO�
surface resistivity values. 

Graph 1. Volume vs. Surface Experimental Values at Low %RH

*UDSK� �� FRPSDUHV� WKH� H[SHULPHQWDOO\�PHDVXUHG� YROXPH� DQG� VXUIDFH� UHVLVWLYLWLHV� RI� WKH�ÀYH�
FRPSRXQGV� ZKHQ� WHVWHG� DW� ORZ��� UHODWLYH� KXPLGLW\�� ,W� VKRZV� WKDW� ZLWK� LQFUHDVLQJ� YROXPH�
resistivity, surface resistivity increases also and in a linear fashion. The high R� value 
demonstrates that this is a predictable relationship for this particular compound. 
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Graph 2. Volume vs. Surface Experimental Values at High %RH

*UDSK� �� FRPSDUHV� WKH� H[SHULPHQWDOO\�PHDVXUHG� YROXPH� DQG� VXUIDFH� UHVLVWLYLWLHV� RI� WKH�ÀYH�
FRPSRXQGV�ZKHQ�WHVWHG�DW�KLJK���UHODWLYH�KXPLGLW\��&RPSDULQJ�ZLWK�*UDSK����LW�FDQ�EH�VHHQ�
WKDW� DW� KLJK��� UHODWLYH� KXPLGLW\�� VXUIDFH� UHVLVWLYLW\� GRHV� QRW� LQFUHDVH� DV� GUDPDWLFDOO\� ZLWK�
LQFUHDVLQJ�YROXPH�UHVLVWLYLW\�DV�LQ�ORZ���UHODWLYH�KXPLGLW\�FRQGLWLRQV��JLYHQ�WKH�VPDOOHU�VORSH�
RI�*UDSK���
Experimental, rather than calculated, values were selected in order to avoid propagating 
DQ\�PHWKRGRORJLFDO�HUURU��7KHVH�JUDSKV� LPSO\� WKDW� WKHUH� LV�D�GLUHFW��TXDQWLÀDEOH�UHODWLRQVKLS�
between a polymer compound’s volume resistivity and its surface resistivity for this set of 
ÀYH� FRPSRXQGV��*LYHQ� WKH� YDULHW\� LQ� EDVH� UXEEHU�� DQWLGHJUDGDQWV�� FDUERQ� EODFNV�� DQG� RWKHU�
additives, however, this data indicates that it is highly likely that this relationship exists for 
other polymer compounds. Despite the high R� value for both of these graphs, it should be noted 
that the different humidity levels resulted in different equations for the trendline. Based on this 
data, a stable humidity must be established, in order to formulate an equation from which any 
conclusions could reasonably be drawn. For this study, it is indicated that volume and surface 
UHVLVWLYLW\�KDYH�D�GLUHFW�UHODWLRQVKLS��DV�RQH�LQFUHDVHV��WKH�RWKHU�LQFUHDVHV��DV�ZHOO��
The other method for calculating one value from the other requires only simple mathematical 
manipulation of equations.

ȡ� �V w t     and    ȡs� �pv
       Il                         t

Using these equations, the calculated values of both surface and volume resistivity were 
calculated when using bottom and bottom/top electrode set ups, respectively.
In calculating surface from experimental volume data, however, the assumption becomes that 
HOHFWULFLW\� ÁRZ� WKURXJK� WKH� VDPSOH� LV� XQLIRUP� DW� DOO� OHYHOV�� 7KLV� LV� LQGLFDWHG� ZKHQ� VLPSO\�
dividing by the thickness, t �(TXDWLRQ�����7KLV�GRHV�QRW�DFFRXQW�IRU�IULQJLQJ�HIIHFWV�DW�WKH�VXUIDFH�
RU�IRU�UHVWULFWHG�FXUUHQW�ÁRZ�GXH�WR�D�UHODWLYHO\�OLPLWHG�SRRO�RI�PRELOH�HOHFWURQV�DW�WKH�VXUIDFH��
These two effects do not appear to cancel one another, based on the data in Table 1. At low 
�5+��WKH�FDOFXODWHG�VXUIDFH�UHVLVWLYLW\�LV�ORZHU�WKDQ�WKH�H[SHULPHQWDO��ZLWK�WKH�H[FHSWLRQ�RI�
&����������)URP�WKLV��LW�FDQ�EH�SRVWXODWHG�WKHQ�WKDW�WKH�OHVVHU�DPRXQW�RI�PRELOH�HOHFWURQV�DW�
WKH�VXUIDFH�LQÁXHQFHV�H[SHULPHQWDO�VXUIDFH�GDWD�PRUH�WKDQ�IULQJLQJ�HIIHFWV��,I�IULQJLQJ�HIIHFWV�
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KDG�PRUH�LQÁXHQFH�RQ�WKH�GDWD�WKDQ�WKH�OLPLWHG�PRELOH�HOHFWURQV��RQH�ZRXOG�H[SHFW�WR�VHH�WKDW�
the experimentally measured surface resistivity was lower than the calculated resistivity. This 
ZRXOG�LQGLFDWH�WKDW�HOHFWURQV�ZHUH�ÁRZLQJ�WKURXJK�D�VLJQLÀFDQW�SRUWLRQ�RI�WKH�VDPSOH�GXULQJ�
a surface test and were in a sense ‘overriding’ the limited amount of electrons on the surface 
alone. However, the data shows that experimentally measured surface resistivity values are 
higher than the calculated values, therefore indicating that the lesser amount of mobile electrons 
on the surface of the sample—in comparison to the relatively higher amount available in the 
body of the sample—effects the surface resistivity more than do fringing effects. 
$W�KLJK��5+��KRZHYHU��WKH�FDOFXODWHG�VXUIDFH�YDOXHV�ZHUH�KLJKHU�WKDQ�WKH�H[SHULPHQWDO�YDOXHV��
This is likely due to increased temperature affecting the volume resistivity such that even with 
the thickness of the sample divided out, the resulting calculated surface resistivity became 
higher than the experimental value. It is also plausible that the increased humidity assisted 
in surface conductance of the sample, but was not absorbed and, therefore, did not affect the 
volume resistivity of the sample. 
&RQYHUVHO\��FDOFXODWLQJ�YROXPH�IURP�H[SHULPHQWDO�VXUIDFH�GDWD�LPSOLHV�WKDW�WKH�UHVWULFWHG�ÁRZ�
experienced across the top of the sample exists throughout the body of the sample. This results 
LQ�KLJKHU�FDOFXODWHG�YROXPH�UHVLVWLYLWLHV�WKDQ�H[SHULPHQWDO�RQHV�DW�ORZ��5+��ZLWK�WKH�H[FHSWLRQ�
RI�&����������:KHQ�PHDVXUHG� DW� KLJK��5+�� WKH� FDOFXODWHG� YROXPH� UHVLVWLYLW\� YDOXHV�ZHUH�
lower than the experimental ones, which opposes the pattern shown by the surface resistivity. 
This is likely because at higher humidity levels, surface conductivity tends to improve due to 
contact with water molecules. This lower resistivity is then propagated throughout the sample 
when used to calculate volume resistivity. 

Conclusion
The volume and surface resistivity of various polymer compounds can be crucial in selecting a 
particular compound for an application, which may require insulative, dissipative, electrostatic 
shielding, or conductive behavior. Such applications would include seals, gaskets, parts intended 
for use in electronics, oil line pipe spheres, and many others. 
In determining these values, there are a number of approaches one can take.  One may measure 
separately the surface and the volume resistivity, which, while requiring slightly different 
electrode setups, does not otherwise require great alteration between testing. This approach is, 
however, time consuming and therefore more costly, both of which are undesirable from the 
industrial standpoint. 
Before deciding whether to measure volume or surface resistivity and calculating one from 
the other, it is crucial to consider the environment in which the testing will take place and the 
eventual application of the compound. In high humidity and higher temperature environments, 
surface resistivity values drop.  This will also reduce the calculated volume resistivity. The 
RSSRVLWH�LV�WUXH�LI�YROXPH�LV�PHDVXUHG�H[SHULPHQWDOO\�LQ�KLJK�WHPSHUDWXUH�DQG�RU�KLJK�KXPLGLW\��
increased kinetic energy within the sample increases electron collision (for conductive samples) 
and this increase in resistivity is then propagated through to the surface resistivity. 
In low humidity and lower temperature environments, the converse of these patterns holds 
true. Surface resistivity and calculated volume increase, while volume resistivity and surface 
resistivity decrease. 

5HJDUGLQJ�DFFXUDF\��DQ\�W\SH�RI�HOHFWULFDO�WHVW�LV�GLIÀFXOW�WR�UHSOLFDWH�EHWZHHQ�DQG�HYHQ�ZLWKLQ�
laboratories, as demonstrated in ASTM D991’s precision trial and as is mentioned again in 
D991’s Precision and Bias section. 
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Table 4. ASTM D991 Precision Evaluation 

7DEOH� �� VKRZV� WKH� UHVXOWV� RI� WKH�$670�'���� 3UHFLVLRQ� WULDO� LQ�ZKLFK� WZR� UXEEHU� VDPSOHV�
�0DWHULDOV���	����ZHUH�WHVWHG�IRU�YROXPH�UHVLVWLYLW\�DW�WZR�LQGHSHQGHQW�ODEV��(DFK�ODE�WHVWHG�
each compound with two operators, separately. The repeatability of measurements within each 
individual laboratory is reported, as well as the reproducibility of these results between the 
WZR� ODEV��0DWHULDO� ��GLVSOD\HG� WKH�EHVW� UHVXOWV� LQ� WHUPV�RI� UHSURGXFLELOLW\�� EXW� HYHQ� VR�RQO\�
DFKLHYHG�D��������7KLV�GHPRQVWUDWHV�WKH�GLIÀFXOW\�LQ�SUHFLVHO\�UHSURGXFLQJ�YROXPH�UHVLVWLYLW\�
measurements. 
However, calculating either value from the other can prove to be fairly precise. As demonstrated 
E\� 7DEOH� ��� LQFUHDVHG� KXPLGLW\� DQG� WHPSHUDWXUHV� FDQ� OHDG� WR� JUHDWHU� GLIIHUHQFHV� EHWZHHQ�
calculated and experimental values due to an increased variability in environmental conditions. 
Still, fringing effects do not appear to cause any great amount of error, likely because they 
are partially cancelled by limited mobile electrons across the surface of the sample pieces. 
These two effects do not balance one another out perfectly, but rather seem to limit the overall 
consequence of the other on the test results. More highly insulating materials, however, require 
JUHDWHU�YROWDJH�RXWSXWV�WR�UHDFK�WKH�QHFHVVDU\����:�DQG��WKHUHIRUH��FUHDWH�D�ODUJHU�HOHFWULF�ÀHOG��
This results in higher error due to increased fringing. More work needs to be done in this area 
to determine this relationship in regards to polymers. 
If myriad trials need to be run at the same temperature and humidity conditions, another 
possibility is to measure both volume and surface resistivity experimentally for several of 
the compounds. This would ideally be chosen at random, from the large group to be tested. 
The volume resistivity vs. surface resistivity would subsequently be plotted to determine the 
presence of a relationship. From this, the remaining compounds would require only surface or 
volume resistivity testing, and the missing of the two can be calculated from this environment, 
PHWKRG�� DQG� HTXLSPHQW� VSHFLÀF� HTXDWLRQ��7KLV�PHWKRG�� WKRXJK� QHFHVVLWDWLQJ� IXUWKHU� WHVWLQJ�
LQ�YDULRXV� ORFDWLRQV� WR�DVVXUH� LWV� UHOLDELOLW\��KROGV�H[FHOOHQW�SURPLVH�IRU�PRUH�HIÀFLHQWO\�DQG�
accurately determining both the surface and volume resistivity values of many compounds. 
Ultimately, in arriving at a decision regarding which method to choose, the application of the 
piece is likely to be the most important factor. Testing conditions should recreate anticipated 
application conditions to the best ability of the test taker and the laboratory. Cost and any time 
limits must be taken into account, as well. 
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